UNDERLAYER COATI NG COVPCSI TI ON AND PROCESS FOR MANUFACTI URI NG A

M CROELECTRONI C DEVI CE The present invention relates to an absorbing
under | ayewoeogyiongsconposi ti on conprising a pol ynmer, whete/asiapabiyzrer
conprises at |east one am noplast group and in the backbone of the pol yner
at | east a substituted or unsubstituted hydroxyaromatic with pendant fluoro
or iodo noiety. The invention also relates to a process for form ng an

i mge using the absorbing underlayer conposition. The process is especially
useful for imging p IS LN iation ip t deep ultraviolet,
100- 260 nm (DWV) an@%%%%%ﬁﬁ%%&&%ﬁ%ﬁ%ﬁm% r egi on. |
Phot oresi st conpositions are used 1n mcrolithography processes for nmaking
m niaturized el ectroni c conponents such as in the fabrication of conputer
chips and integrated circuits. Generally, in these processes, a thin
coating of filTheofprasgmotinrasdiont releigsodot iaon absofingt upggrldyed coating

substrate er.t al s silj.can r f. i i nt egrated
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energy are radi ation types commonl y used today in mcrolithographic
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trend towandsEUM)eegiomi at uri zati on of sem conductor devices has led to the
use of new photoresists that are sensitive to | ower and | ower wavel engt hs

of radiation gntbtb@sist! cmpayitidre e wsel of mPdlithdgraphg dprdoksddse Vel
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absor bi ng_under| ayers coafed between the photoresist and the substrate is a
Tty deo T PakeE FRARILSTIGE FrBRoUBs SIS NPRHOGISTIAR 40 f6t FORGmMSS of t he
phot or esi glposhRetoFiaB¥ROSUr e source conprises not only the predom nant
13.5 nmradiation but also smaller conponents of out of band deep uv

radi ation in thigs tARSROPEXIAMCHAS A0 RRENA tRERARLIGAG I8 bRpdke Nm It
is desirable that the underlayer absorb not only 13.5 nmradi ati on but al so
t he out odrepard thadéqatedsarface. Ultraviolet (UV) light, electron beam and X-ray

radiant energy are radiation types commonly used today in microlithographic

processes. After this image-wise exposure, the coated substrate is treated with a

developer solution to dissolve and remove either the radiation-exposed or the

unexposed areas of the photoresist.

The trend towards the miniaturization of semiconductor devices has led to
the use of new photoresists that are sensitive to lower and lower wavelengths of
radiation and has also led to the use of sophisticated multilevel systems to

overcome difficulties associated with such miniaturization.



Absorbing antireflective coatings or underlayers in photolithography are
used to dimnish problens that result from back reflection of light from

hi ghly r evbeotimes2substrates. An antireflective coati ngpcoasad2/b@oeat h a
phot oresi st and above a refl ective substrate provides significant

i nprovenent in |ithographic performance of the photoresist. Typically, the
under | ayer coating is applied on the substrate and then a | ayer of
photoresist is applied on top of the antireflective coating. The underl ayer
coating is cured to prevent interm xing between the antireflective coating
and the photoresis ho ore ew and devel oped.
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form ng a mask for etching the substrate. The novel osition enables a
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Summary of the Invention The present invention relates to an

under | ayer codiisepine randiseftactve (?@ﬁ'bﬁg%loﬁg-"ﬁieﬁéy?rﬁe'ln phptelithogrphyodigner
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Brief Descri re 1 ustr ﬁxanpl es
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ani nopl asferfPmenBs Bfthstpheedresies Bypidally Firauuadetdy@nsosnagii isppeedopl es of
am nop| ast'hg substrate and then a layer of photoresist is applied on top of the antireflective
coating. The underlayer coating is cured to prevent mtermlxmg between the
antireflective coating and the photoresist. The photoresist is exposed imagewise
and developed. The antireflective coating in the exposed area is then typically
dry etched using various etching gases, and the photoresist pattern is thus
transferred to the substrate. Multiple antireflective layers and underlayers are

being used in new lithographic techniques.

The present invention relates to a novel organic spin coatable underlayer
composition which is capable of absorbing the radiation used to expose the
photoresist and reducing substrate reflection. The film formed from the novel
composition is placed between a photoresist layer and the substrate and forms

an EUV underlayer and/or deep uv antireflective film. The novel composition is



Figure 4 illustrates exanples of phenolic conobnoners. Figure 5 shows
exanpl es of the novel polyner. Figure 6 shows specific exanples of the
novel polwoeni12/ergeare 7 shows nore specific exanpl es of pCmasrowedo2sol yner
Figure 8 shows exanpl es of secondary polymer. Detailed Description of the
| nventi on The present invention relates to an absorbi ng underl ayer
coating conposition conprising a novel polyner capable of crosslinking,
where the pol ynmer conprises at |east one hydroxyaromatic unit (A) in the
backbone of the polynmer which has a group conprising a fluoro or iodo

noi ety pendant, from.t he hydraxyaro | ¢, moi et. nd. at | east. one. unit (B
Conpr | s/ il farrEud noasy ART A SheprabRE Rk ppne - (°
substi t ut @d. subi&raftdVEle ROVSINBIMPEItidIE ehBbles I HFBbU NklYkeirardier froMetid on al so
relates to a process for imaging a photoresist |ayer coated above the novel

ant i r ef | eRqtoresisb 4@ ithyy svbstete s and atso redupes reflactiens andypiapces Pattesy  Euv

I thogr apyhster. Additionally, substantially no intermixing is present between the
antireflective coating and the film coated above it. The antireflective coating also
has good solution stability and forms films with good coating quality, the latter
being particularly advantageous for lithography. The novel composition forms a
film which has low out-gassing, has good planarization property, protects the
substrate from possible damaging EUV radiation, prevents contamination from

substrate poisoning, has good adhesion and improved etch selectivity.

Summary of the Invention

The present invention relates to an underlayer coating composition
comprising a polymer, where the polymer comprises at least one
hydroxyaromatic unit in the backbone of the polymer comprising a fluoro or iodo
moiéty, and at least one unit comprising an aminoplast. The invention further

relates to a process of imaging the novel composition.

Brief Description of Drawings

Figure 1 illustrates examples of the absorbing hydroxyaromatic monomer.
Figure 2 shows examples of aminoplast monomer of structures 4-11.
Figure3 shows specific examples of aminoplasts.

Figure 4 illustrates examples of phenolic comonomers.

Figure 5 shows examples of the novel polymer.

Figure 6 shows specific examples of the novel polymer.

Figure 7 shows more specific examples of the novel polymer.

Figure 8 shows examples of secondary polymer.



The novel antireflective conposition of the present invention conprises a
novel polynmer which is capable of absorbing EUV radiation efficiently and
i s capablwoabixmweoss!| i nki ng, such that the coating, fornmedriBmre/bive3
conposition after crosslinking, becones insoluble in the solvent of the
material coated above it. The polyner of the novel coating conposition is
capabl e of self-crosslinking or the conposition nmay additionally conprise
an external crosslinking conpound capable of crosslinking with the novel
pol ymer. The conposition may optionally conprise other additives, such as
t her mal id. eratqrs, ot oaci.d generators, surfactants other secondar
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of the novel olgner may be of structure 1, Cﬂgl) )
(A) in the backbone of the polymer comprising a hydroxyaromatic group selected

from a substituted phenol, unsubstituted phenol, substituted naphtho! and

unsubstituted  naphthol, substituted  hydroxyanthracene, unsubstituted

hydroxyanthracene where the hydroxyaromatic group has a pendant group



where, Rl is selected fromiodo noiety and fluoro noiety, R2 and R3 and

I ndependently selected froman iodo noiety, a fluoro noiety, hydrogen,

hydr oxyl ,wo0 2012/107823 hydr oxy(C - C4) al kyl OCl1- C4al kylPCT/IB2012/000213
(C=0)(G -C4)al kyl, Cl- C4al kyl (G -C4)al kyl, G -C4al kyl (C=0) (C1-C4)al kyl ,
and C(0)0O(Cradal kyl and the like. An iodo noiety and fluoro noiety can be
I, F or an organic group conprising at |east one of | and F. The organic
group conprising F may be selected from Cl- C4fl uoroal kyl, Cl-C4

hydr oxyf | uor oal kyl , 0Q - CAf | uoroal kyl C(0)(C -C4)fl uoroal kyI

C(0)0o(C - C4 fl uoroal kyl, etc.., where the f{luoroal k a drocarbon chal n
ahi £h ey BRSNS & SIS P 89 ORbn A of neit e Vi oEn selRigre 2t

M xt ure oimfrlopist. TEh) dhé W H I Ardpeat ANt tApWhtdne.sqarth@rbabaBdfrmmmhef urt her
exanpl es of iodo noiety and fluoro noiety are |, C(0)- CF3, CF2CF3,

CF2CHF2, Rkstymer G(L@Fi@mlat leash PpE dBiose Onzo%mqt@yame |hMG@e$é%@€|"ﬂtlcyU'}4 F l,
CH3, OH,

Specific @%gna ﬁﬁi&g@é’ Wﬁt%ﬁ“@%%?%xwé {Igé{'g} and R3

are |, F, mGdy, G}ylﬁro@-,l, (Ce@yakiB, laytitoRy(ChiZC4)alkyloreCelhalyline(@sORE1and R3
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f uoro moc;)bhk | An lodo m&ietynBie fiedrof memstyi é b@ledt@dtfrdmtlfbrtmétt@é}féw| ic
uni t int %ner backbone is derive be described by structure

(2) V\,her ed'FQPHYIf&theh yirpryaipeatie "&f@!gté’r(%@ﬁaﬁPBW@'tﬁ I ryaphtf@l.) éﬂu(inocarbon
containing iodine or fluorine, functionalized hydrocarbon containing iodine or

fluorine, where the funtionalization is ether, keto, ester, etc. Examples of an
iodo moiety and fluoro moiety are |, F, C4-Cyfluoroalkyl, C4-C4 hydroxyfluoroalkyl,
OC;4-Csfluoroalkyl C(O)(C4-Cy)fluoroalkyl, C(O)O(C+-Cy)fluoroalkyl, etc., where
the C4-Cyfluoroalkyl is a hydrocarbon chain which may comprise only fluorine
pendant from the carbon backbone or a mixture of fluorine and hydrogen
pendant from the carbon backbone; further examples are I, F, CF3, C(O)-CFs3,
CF,CF3 CF,CHF;, OCF3;, C(CF3),OH. Examples of other substutuents on the
phenolic ring are F, |, CH3, CoHs, OH, CF3, C(O)-CF3, C(O)-CHj etc..

The fluoro or iodo moiety of the polymer is capable of absorbing the EUV
radiation efficiently. In the novel polymer a strong EUV absorbance is induced by
attaching iodide or fluoride in close proximity to a secondary electron sensitizer
such as the hydroxyaromatic, for example a phenol. The secondary electrons
generated by the absorption can cause the formation of an acid from the
photoacid generator in the photoresist and so further improve photoresist
photosensitivity and pattern profile. The EUV absorbing antireflective underlayer
may also help to reduce footing and scum at the photoresist/underlayer interface,
also improve lithographic performance such as collapse margin and processing

latitude, and protect photoresist from poisonous substrate such as from bases.



R R2 R3(2) Specific exanples of the nononmer (2) which forns the phenolic
unit in the backbone of the polyner are shown in Figure 1. The novel
pol yner oWotzhe/gpresent invention conprises the hydroxyaromaBroa2/mis (A) as
described herein and a unit conprising an am noplast (B). The am noplast is
capabl e of self-crosslinking the polynmer or crosslinking with other
polynmers. In one enbodi nent, the conposition conprising the novel polyner

i s capable of self-crosslinking and may be free of other external
crosslinker conpounds. The novel polynmer is a condensation polynerization
product of an .gm nap}ast..compoynd, with the hydroxyaromatic conpound
conprising at ﬂbeag'?'P{jlﬂeOffﬂF%EBY%@C’M“?JB?HEG’Q%S&? f‘?’n?t he presence of a
catal ytic anmount of a strong acid such as toluenesul fonic acid. The

anm nopl ast conpognd contai ns reactive am nonet hyl eneal koxy noi eties

( N- CH2- 0- al ByJ )< Sone of which react partially to formthe novel polyner,
and the o -f@‘ H- noi eties are present in the polyner to assist in
crosslinking @ﬂ

film The am nopl ast conpound used in the reaction
to obtain tig negyel Zﬂlyrrer can conprise two or nore al koxy groups and can
be based on am nopl ast’/ conpounds such as, for exanple, glycoluril-al dehyde
resins, nelam ne-al dehyde resins, benzoguanam ne-al dehyde resins, and

urea- al dofIgle, 1S SeidexeidR 8o ! MBick) ARl ol Floiels fror BRURDVAR:

acet al dehy etc. In sone instances, three or four oXy groups are
usef ul . Nbpdependently selegtest isemginjiodd moietyf @ fiwdrdengidty, hydriogenanysiraxylexanpl e.

?;j eXAMPIS-¢ Jalkfit " 2ERUISHE-ENahG! YOI ElallRY! NELGRCI L YN &L ucture
C,alkylO(C1-Cy)alkyl, C4-Caalkyl(C=0)(C1-Cy)alkyl, and C(O)O(C4-C4)alkyl and
the like. An iodo moiety and fluoro moiety can be |, F or an organic group
comprising at least one of | and F. The organic group comprising F may be
selected from Cq-Csfluoroalkyl, C4-C; hydroxyfluoroalkyl, OC;-Cyfluoroalkyl
C(O)(C4-Cy)fluoroalkyl, C(O)O(C1-Cy)fluoroalkyl, etc., where the fluoroalkyl is a
hydrocarbon chain which may comprise only fluorine pendant from the carbon
backbone or a mixture of fluorine and hydrogen pendant from the carbon
backbone; further examples of iodo moiety and fluoro moiety are |, F, CF3, C(O)-
CF3, CF,CF3; CF,CHF, OCF; C(CF3),OH. Examples of R, and R3; are
independently H, F, |, CH3, OH, CF3, C(O)-CF3, C(O)-CHs, CoHs, OCH3, CH>
OCHj3;, and CH; C(O)-CHj;, Specific examples for Ry are |, F, and CF3 Specific
examples of R, and Rz are |, F, CF3 CH3, OH, C(O)-CH3, and O CHj3 In one
embodiment, R, and Rj are connected to form aromatic ring fused to the phenol,
to form a unit (A) which is naphthol or hydroxyanrthracene substituted with iodo

moiety and fluoro moiety.

The monomer from which the unit with the phenolic unit (A) in the polymer
backbone is derived may be described by structure (2) where Ry, R,, and R are

as described previously.
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Specific examples of the monomer (2) which forms the phenolic unit in the

backbone of the polymer are shown in Figure 1.

The novel polymer of the present invention comprises the
hydroxyaromatic unit (A) as described herein and a unit comprising an
aminoplast (B). The aminoplast is capable of self-crosslinking the polymer or
crosslinking with other polymers. In one embodiment, the composition cbmprising
the novel polymer is capable of self-crosslinking and may be free of other
external crosslinker compounds. The novel polymer is a condensation
polymerization product of an aminoplast compound with the hydroxyaromatic
compound comprising at least one fluorine or iodine group, in the presence of a
catalytic amount of a strong acid such as toluenesulfonic acid. The aminoplast
compound contains reactive aminomethylenealkoxy moieties (N-CH,-O-alkyl),
some of which react partially to form the novel polymer, and the other such

moieties are present in the polymer to assist in crosslinking the film.

The aminoplast compound used in the reaction to obtain the novel
polymer can comprise two or more alkoxy groups and can be based on
aminoplast compounds such as, for example, glycoluril-aldehyde resins,
melamine-aldehyde resins, b'enzoguanamine-aldehyde resins, and urea-
aldehyde resins. Examples of the aldehyde include formaldehyde, acetaldehyde,
etc. In some instances, three or four alkoxy groups are useful. Monomeric,
alkylated glycoluril-formaldehyde resins are an example. One example is

tetra(alkoxyalkyl)glycoluril having the following structure (3),



where each R6 is (OH2)n---0-(CH2)rn-CH3, each R7 and RT are independently
sel ected from hydrogen or Cl-Cs alkyl, nis 1to 4, and mis 0 to 3; the
nunber s iwo(28j)2iomtscat i ng at om nunber for conpound nam ergT/IBIM®RO@2ETP! es of
R6 are CH2OCH3, CH20C2H5, and CH20C4H9. Exanpl es of am noplasts are such as
t hose which are commercially available from Cytec Industries under the
trademark CYMEL and from Monsanto Chem cal Co. under the trademark

RESI MENE. Condensati on products of other am nes and anm des can al so be

enpl oyed, for exanple, aldehyde condensates of triazines, diazines,

di azol es, guani di nes, guani m nes and al kyl - and aryl -substituted
derivatives ofOsuch conpounds, including al kyl- and aryl -substituted

mel am nesRg So ax | es of such conpounds are N, N -di net hyl urea,
benzourea, W€ i Np’ m de, fornaguanam ne, acetoguananine, anmel i ne,
2-chl or o- 4, 6- d| no 1,3,5- triazine, 6- netgyl , 4-di am no, 1, 3, 5-trai zi ne,
3, 5- dlanlﬁmtrﬂaz (

triam nopyripi di 2 mer capt o- 4, 6- di am no- pyri m di ne, 3,4, 6-tri s(et hyl am no)
- 1,3, 5-trjAzl NIQTR(;s(aIkoxycarbonylamno)trla2|ne N,NNN,N -

tetraneth ymet'hyl urea and the |ike. O her possible aninoplast conpounds
are shown in gure 3, structures 4-11. Additional am nopl ast nononers

i ncl ude their anal ogs and derivatives such as etherified amno resins, for

exanpl e I d-0 |_at g am r n

N but oxyrrrwélb%él @ér?gl %?nfs @’_’é%pgtl ve?)ﬂ?) (?)63’ &feﬁyﬁé E_g/ bu ?%%{5@5@%{1 &I urils.
Vari ous r@lé’d’tbd‘ﬁoﬁﬂﬁ'yd#b?@n bEEL Ty AKE, € RS 4] ahd bh .@\oatlolcatth@numfs inhe

Ni cal acs éSanvva Chem ca ), Pl ast opal (BASF AG, or Maprenal (dariant

GrbH) trd ém%ﬁ@%t'%?t% nyseker for comp%ﬂen%mwr f5ome |gxampigs afiRsopast nmy

b | ect I t t
(3) - Exargt KQCHF SR o TG, Eap ey [ iPapoiythe it @

i ncl ude, tboge wh@hr a(erecdsmmmalﬂwla)\@illyblel diroim Cytec Industries under the

br opoxy ATy EoME Y 12 o HoBSH R REBRI crow shtet [ife radema! (!
tetra(t bLResmENEylocmméﬁgéwn brocmhssbf tomﬁ@dammce@aérad leniyesich | digd Yeol uril s
such as 7- math | tetra(net hoxxmat hyl ) gl ycol uril , 7-ethyl

t et r a( metHBREHE hggr)@qw,ualpp yde @Qn%ns,@_tgsbp{)éwzmes diazines, diazoles,
tetra(met Oxy&nﬁtfyphgﬁlﬁ‘ﬁ e aTk);p a‘?iﬁ %?ﬁ-suBétlthfédb‘dreYl/atlves of such

tetra(met ) gl ycol uri di net hyl
tetra( rretcmmgqmtdlsylr)c@dymgylalkryl |qnd7ar84-suti>$§tttutyﬂ melamlnes Some examples of

tetra(nmet hoxy Mg ?

tetra( met o gg{"ﬂé?g"gﬁ’ yco r%r i IILI Ni dé’%gﬁkyp Ljr)rsec or bgﬁe?yl dicyandiamide,
tetra( rretfbnxag@dfayrh.hgl y@rabwgubnar?mmt hahm&?elme- @-chlo)p4 Bpdibmino-1,3,5-
tetra(net hoxynet hyl

dt
ety o metGR et ol ) S Y hilra.f- o Bt esRder ¢ hedErdamiRaeIMIDERL I NK

from Cyt agabiBpstinid@ae Q%@roap?ﬂ\%b% birlhidinéX hers £8angkasyidrminbyde
met hyl propyl t et r anet hoxynet h
1,3,5-triazine, tns(aIkoxycarbonylamlno)trlazme N,N,N",N'-

tetramethoxymethylurea and the like. Other possible aminoplast compounds are
shown in Figure 3, structures 4-11. Additional aminoplast monomers include their
analogs and derivatives, such as etherified amino resins, for example methylated
or butylated melamine resins (N-methoxymethyl- or N-butoxymethyl-melamine
respectively) or methylated/butylated glycolurils. Various melamine and urea
resins are commercially available under the Nicalacs (Sanwa Chemical Co.),

Plastopal (BASF AG), or Maprenal (Clariant GmbH) tradenames may be used.



glycoluril, and nethyl phenyl tetramet hoxymet hyl glycoluril.Figure 3 shows
exanpl es of specific am noplast materials.Of the glycourils a

t et r anet hwoypoetiys2gl ycouril is an exanpl e of a nore speecfiiB2mboiee of an
am nopl ast conpound. The novel polynmer may conprise unit (A), unit
(B) and additional nmononeric units. The additional units nmay be a nononer
capabl e of polynerization with the other units. Exanples of the nononer
unit nmay be nononers conprising naphthyl, anthracyl, and phenyl and m xture
t hereof . Specific exanples of the nononer used to formthe additional unit

are phenol s, ht hol nt hr gcenenet h and, hydr,ox hr ac

novelo pol ymerr‘ﬁgva fﬁﬁ’lef:ﬁ?e"?ﬁ ﬁt?rlaé@ 88%5ﬁ0’ﬂ@¥| Qe ‘?'F?@ ? ﬁegrqlﬁ’an (A)
and (B), &dmprisisg el ks ahvinhtHetStrectlrk2]3). Sfﬂﬂéﬁ{pﬂésﬁoﬁgly@b@% blee
structure of the optlonal secon type of phenolic conpound not containing

or free Girafaligymehyiolyctiriie maaciufier &- gal'tetrerémeth@wmqﬂayl glygoduril,
(CL- Oy al PO naTRd s, {1 efaRckhRine Dy IEie Ty - teye-
d - C4al kydropiyrsdihgl)glyColud; adal ky ItéE(0)f@dxyiethlyRglycolariid C( 0) O(té]ra(G4) al kyl .
OH butoxymethyl)glycoluril, substituted tetra(alkoxymethyl)glycolurils such as 7-
methyl tetra(methoxymethyl)glycoluril, 7-ethyl tetra(methoxymethyl)glycoluril, 7-(i-
or n-)propyl tetra(methoxymethyl)glycoluril, 7-(i- or sec- or t-)butyl
tetra(methoxymethyl)glycoluril, 7,8-dimethyl tetra(methoxymethyl)glycoluril, 7,8-

diethyl tetra(methoxymethyl)glycoluril, 7,8-di(i- or n-)propyl
tetra(methoxymethyl)glycoluril, 7,8-di(i- or sec- or t-)butyl
tetra(methoxymethyl)glycoluril, 7-methyl-8-(i- or n-)propyl

tetra(methoxymethyl)glycoluril, and the like. Tetra(methoxymethyl)glycoluril is
available under the trademark POWDERLINK from Cytec Industries (e.g.,
POWDERLINK 1174). Other examples include methylpropyltetramethoxymethyl
glycoluril, and methylphenyltetramethoxymethyl glycoluril.  Figure 3 shows
examples of specific aminoplast materials. Of the glycourils a
tetramethoxymethylglycouril is an example of a more specific choice of an

aminoplast compound.

The novel polymer may comprise unit (A), unit (B) and additional
monomeric units. The additional units may be a monomer capable of
polymerization with the other units. Examples of the monomer unit may be
monomers comprising naphthyl, anthracyl, and phenyl and mixture thereof.
Specific examples of the monomer used to form the additional unit are phenols,

naphthol, anthracenemethanol and hydroxyanthracene.

The novel polymer may further comprise comonomeric unit(s) (C) other
than (A) and (B), such as phenolics of structure (12). Structure 12 shows the

structure of the optional second type of phenolic compound not containing or free



(12) Specific exanples of the phenol of structure (12) that may be

enpl oyed are given in Figure 4. Specific exanples of Rv, R2", and R3 are

i ndependewo0l2g1240743813, OH, C2H5, OCH3, C(0)-CH3, CH2 OCHRCTG@BBEM1£0@p13CH3 Sone
exanpl es of the novel polynmer are further illustrated by Figures 5-7.

The pol yner of the present novel conposition may be synthesized by reacting
the nononers in the presence of a solvent and an acid catalyst. The pol yner
is typically recovered by precipitation into water and then dried. Wen
maki ng such polyners a nolar ratio of am noplast (nmononer of B) to iodo or

fl h f A 3: 't 1: 2 2: 1
errglrgygdenfﬁ{h’ B B ing Bl BB B2 carfth B et Sreiiealy chestEi R Modo
cont ai ni n@es yhsip wﬁg&tuﬁgaxbfahsmﬂ%meqb 04)tah@| pﬁi/&mw@a@ QIRyI Tbcs second

phenol i c conpound (nmononer o can Ehese in a rang to 100 nol e

% rel at i Vesaliyylt (PN Goka)adyl, |%é4@b¥|9§¢'n @'%&0@48"63('(@?93@11%)9&% or
30-60 m)l he | ow nol ecul ar wei ght portion is renoved.

Previ ously c{@&%ﬁé%@éﬂk%es of reacting, isolating and purifying the

pol ymer may be used. The wei ght average nol ecul ar wei ght of the polynmer can
range from aboygjy 1000 to about 25,000, or about 1500 to about 15000.

The refractive |indices of the polyner, n (refractive index) and k

(absorption) remge fromabout 1.3 to about 2.0 for the refractive index
and about O. about 1.0 for the absorption at 193 nm exposure
wavel engt h, '

R’ Ry

(12)

Specific examples of the phenol of structure (12) that may be employed are given
in Figure 4. Specific examples of Ry, Ry, and Ry are independently H, CH3, OH,
C,Hs, OCHj3, C(O)-CH3, CH, OCHs, CH, C(O)-CHs,

Some examples of the novel polymer are further illustrated by Figures 5-7.

The polymer of the present novel composition may be synthesized by
reacting the monomers in the presence of a solvent and an acid catalyst. The
polymer is typically recovered by precipitation into water and then dried. When
making such polymers a molar ratio of aminoplast (monomer of B) to iodo or fluro
phenol (monomer of A) of 3:1 to 1:2 or 2:1 to 1:1 molar ratio may be employed.
An optional second phenolic compound not having fluoro or iodo containing
substituent may also be used in the polymerization. This second phenolic
compound (monomer of C) can be present in a range of 0 to 100 mole % relative
to the fluoro or iodo containing phenol, or 10-80 mole % or 30-60 mole %.
Typically the low molecular weight portion- is removed. Previously known
techniques of reacting, isolating and purifying the polymer may be used. The
weight average molecular weight of the polymer can range from about 1000 to
about 25,000, or about 1500 to about 15000.

The refractive indices of the polymer, n (refractive index) and k
(absorption) can range from about 1.3 to about 2.0 for the refractive index and

about 0.05 to about 1.0 for the absorption at 193 nm exposure waveléngth, since
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t he novel polyner has absorption at 193 nm and the techniques to nmeasure n
and k values are not yet refined for 13.5 nm neasurenent. The iodo or

fl uoro compeniz/wfs28he pol ymer or of the conposition canpbensstigoomsed by

el enental analysis of the solid polyner or conposition. The fluoro or iodo
content of the polyner can range from 1% to 65% by weight, or 2% to 35%
relative to the polyner. The fluoro content of the polyner can range from
1% to 20% or 5-15% by W% relative to the polynmer. The iodo content of the
pol ymer can range from 5-65% or 10-35% by W% relative to the polyner. The

EUV absorption ma be calculated to reate or _in the range
of 1.57g (s Byl Poler 1535 Bt 3t J3adiR Ginee nenBRPAROERAF VRFBUET P he
pol ymer, &yd RSvHIGey BEe aokgz@mf.aé@rfb.ewtssmhprheamﬁémetm Yhe' @stid Or Auber at ure
to each atomin the poly her pol yners may be added to the

conposi ti @ﬁnteetu@ﬂwt@spgwmmsoftthatcwm eaddS detRrpiedgy glassentahat
I ncrease éﬁkﬁ%&‘é%ﬁ tﬁé“s% .8>f oI)II‘ﬁerI / H&m§{>§ tior] "FiSE ﬂ@ﬁFoOBP?JcIé PHHAESS tHef

present in the conp05| n-are ree odo or uoro groups and may be in
t he rangepaim&0 cao r@ﬁ@e foom 1B%t o 85% bprwelghtt @rw)%toeJS%l rebative tohthet ot al

ol ymer co osSi t eful for crossl has
e ¢ nEagn' TS nuptd ortFat otRE Pilvalss oa a0k FREL 1 R A6 acn
pol yner by Qe%reRAVEAS ttRé pbglnyérerrhé%wdofﬁteanbi the ps&mbr ean eéngaa flo@nhydri de
with a conmpound with at | east hydr oxy groups_or npound w th at | east

2 car boxyﬁwﬁé‘%acqrm Qy3Bepay Bhgeiatadp tbﬁ@q'w@@rome BVl apsorRiigermay e
b I d
car boxy '8a|§$bféd9tro°t5’é)§rea?HPIha%°I yqa rﬂ'ir?eijé A U%/%?J‘%@Qgrpﬁfgat%e

herein b erence, i'n patents w e nu
7, 264, 91310/gntja$ﬂl anppallememtlabanaIIyslh dfhlee pelymadr, hy @iseignihg/ 800RA Atdémilced on

O:t b 3 2009. Anot ddj t f th I

Comst B AT B8 WS L7 L T
I t di scl ted h b f

e e B FASTR o ISR A B

Exanpl es @lhahideltroSdivRmeS pollyfmess 1R inbréhsCHRNALI fstelFAGE Ak véte MTikksR! S,
glycol s, cyanuric conpounds, etc. These secondary polymers are free of

i odo or f$efONgagrrRAlyECENHPEseNbE tb@ﬁ@m@ért@nfaseﬁ@e afyodaerciyarg gsetps
ami nopl asf EIa? b@lnﬁhgﬁdﬁﬁw&?ﬁgﬁ‘% BPS5ith 230 /FQIrWoSS(Y%'rSIQIIL%@YO fie added
i addy t 1@ vel

to the conposition in ron to t nove

conposi t i tokal gfolyrher pomgearlhohmé\emlymﬂr wﬂﬁﬂ |feresrqshhnl~nmg/® opelwhieh tasd nay
further co a crossl.ipker y y.the crosslinke onpound
that can G8EPa el FoBI ST BT ung GRb G iap ARuSioiReL BE B0 deiERET an
aci d, forpeiag C@rd@wéeteroml rhigt Sofeed Grontl She aebaiidh Y g dHpydade fwids aal cohol ,
ether ester, olefin, oxynet hyl am no, nethoxynethylphenyl and other

mol ecul esc%mlﬁl%"ﬂ@ ﬁﬁl'?i’ﬁl BY@’@%‘Y (ﬂﬂ‘?PP? ©Orspt 6emPayRd it legpt
crossli ”ké OWIlI:hicIIcII@ cRRIsWFFeét leBSt aﬁ@hy&ro%doé?d b Rks oH@%a%Mﬁ@@mdSUCh as

pol ymer s gI yco ur| am ne, etc. Exanples of conmpounds which can be
crossli nk@]ogparauchmelymweadmlmedl ,ang, ipcorporataddereinedyt raference, in

(o o) AR L U BB YS £ 38 RRe: D5 et erad U BBARMF WIR TS o
Powder | i nike, seiaCnumber 12/609,222 filed on October 30, 2009. Another polymer useful
as an additive for the novel composition and capable of increasing the dry etch
rate of the film of the novel composition are disclosed, and incorporated herein
by reference, in patent and application with the numbers US 7,691,556 and US
2010/0009297. Examples of such polymers are glycoluril compounds reacted

with diols, glycols, cyanuric compounds, etc. These secondary polymers are free
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The novel conposition conprising the polyner may al so conprise an acid
generator, and optionally a crosslinker. The acid generator can be a

t her mal awD@opemes2at or capabl e of generating a strong aecu/Bmpamodesst i ng.
The thermal acid generator (TAG used in the present invention nay be any
one or nore that upon heating generates an acid which can react with the
pol ymer and propagate crosslinking of the polyner present in the invention,
particularly preferred is a strong acid such as a sul fonic acid.
Preferably, the thermal acid generator is activated at above 90C and nore

pr ef er abl y. . v n [ t anpl es
of therma f'§§? §P§%?e{é’:§8 g‘?ssgg(?ggpr{rétg aﬁ%‘-BP S/ggé’rggcgrﬁfé(yn%%%aggﬁg\éﬁaaﬁgg%lagﬁi um

sal ts, suFiy. & showar gkambfesnbfirposeibid olyaneriss whiadhnimey banddded to the

di aryl al kyl sul foni um salts of strong non-nucleophilic acids,

al kyl aryl g%%‘?ﬁ'Uﬁ’ﬁ INRAHIIN BIBRNINF'RAYEEHf st rong non- nucl eophi | i ¢ aci ds;
and ammoni um al kyl anmoni um _di al kyl ammoni um tri al kyl ammoni um

t et raal kyl ammoHirioygl tcongrostiono R the nPresente dpention crmprisesatheo novelal ent

t her mal i : j di g i nstance
2 it obeR TR erpamay S Rh BhmBrsed PRERIGE RSkl ROtk & 0%t
sul f oni ¢ e@whpouwnd thiat tareanbas gn eestnopbileand cgivaohe eeirsthefpresencecifds.

Exanpl es ar.g E{/ar | i oﬁonit.um Eﬁrfl uor oal i15%(I sul f.anat es, di arﬁll [ oqor}j| ym
tris(fluof8H INsHIPERAYREL hI'de COHPRMDET SRBRIMIRY 9roups stch as alconal,

bi s(f | uor etdkKky lestdrf osigfin, Mehéthdryméthglaimiho, 0dasthoRymethylphenyl and other

bi s(fluoroal kyl sul fonyl)imde, diaryliodonium quatenmary ampni um

per f | uor o@PI8FULES $BHADET rESéﬁ'ﬁ‘{ﬂ electpphiligysites, a&¢ spRable o icresshiHag Witosy| at e,
2,4-dinit l:badmm : a0 !,o&e I <M+t ayl

tosyl at e; lrh%enzlen{%rs'ul on%?‘ggrogalc Mégs]h{zaft ri ?ﬁddrsgﬁg%ﬁmm%ﬁsﬁfo%ﬁgwy4-

chl or obenmetassinef etat Exardplesi ¢f gompovnds whdcmidanobe nergbslinkars e, 1,3

benzenesul f onat,e: phenol,i ul S S S n .

4ot oxySADaNE0e PElar st §uatERAbRyRLNRAN SinRna FBkmve benayii
tris(fluocsrapdyridsyl ftetryrheimekirnethyl-Bisghan@t gTMOMBRY | ofinsiudtu  (13),

bi s(fl uoroal kyl sul fonﬁl )i mde, alky ammEi ugl ﬁ_akt s of organic acids, such
as tri et hyPHISRES GrAsshnkergraveRlwiisdhypelsi PWAENRES £ICA variety of aromatic
(ant hr acene, napht hal ene or benzene derivatives) sulfonic acid amne salts
can be emptoyed as the TAG 1&gl uding those disclosed in U S. Pat. Nos.
3,474, 054, \g 565 and 5,187,019. Preferably the TAGw I| have
a very | ow vol enperatures between 170-220C. Exanpl es of TAGs
are those sold dustri es under Nacure and CDX nanes. Such TAG s
are Nacure '8 CDX- 2T68E, which is a dodecyl benzene sul fonic acid
?5- 30% activity in propyl ene glycol nethyl ether
from Ki ng Lﬁstri es, Norwa q§ Conn. 06852, USA. The novel
conpositigtl may further opti oaal pg contain at |east one of the known

phot oaci d generators, exanples of which without limtation, are onium
salts, sulfonate conpounds, nitrobenzyl esters, triazines, etc. The
preferred photluaodkel gonmpositionscoarwising e pdymer aay adsd ¢amprise ageids of

caits o SRR Rl bfinaly BAORkel MR 4T bRfirekorcen &0 Bt ™
t hereof . dJdiresatophabeblel of gemnaaii@assttdey aoid mesmedsating. yTHE tiepings @didout are

thermal |y deco sed to forman acid. The novel conposition may be free of
a phot oazgﬁ‘eééﬁggﬁg@%a used in the present?nvenrt}on may be an)rﬂc))ne or more that upon

heating generates an acid which can react with the polymer and propagate

atility at

crosslinking of the polymer present in the invention, particularly preferred is a
strong acid such as a sulfonic acid. Preferably, the thermal acid generator is
activated at above 90°C and more preferably at above 120°C, and even more

preferably at above 150°C. Examples of thermal acid generators are metal-free
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The antireflection coating conposition of the present invention rmay contain
10% wei ght %t o about 100 wei ght % of the novel polyner, and preferably 40
wei ght % twoaboutn7€28 wei ght % of total solids in the conposiBonoooiise
optional crosslinker, when used in the conposition, my be present at about
0.2 weight% to about 10 wei ght% of total solids. The thermal acid generator
may be incorporated in a range fromabout 0 to about 5 weight % by total
solids of the antireflective coating conposition, preferably fromO0.3 to 2
wei ght A, by solids. I n one enbodi ment the novel conposition

t I \ d d d h
Cr o0sl | nia 1o kel R0 Ko safac Dy ol PO Cobr T <heRREPATIOBnt ().

I n one enfadli MepdrylbikgIsOAYSILNMCONBAIS ti oh CeffBhd Sehohhruddppilicpol yées, a
second poIIKrrer descri bed herein, photo acid generator, a thernmal acid

gener at or@ HBM"@Q@I"U%rq'aﬂfilaﬁ’ﬁn"a'ﬁdSéléﬁ winstreng non- ”UC'GQW"@néC@ﬁb@(H‘idrrent t he
novel CONpAS otn!id?ﬂ IS fr oﬁw}]@er mhlaﬂpﬂr@oﬂﬂfrﬁ oaci H’IW ¥ nffmd t he

novel polyner i1s self-crossliin €s of sol’'vents for' the
coating cteh'peklylanunommm sabs ad)fcetrohg ncgstrmcaopglhy,rrasrdset s, cg\l'qlemil

et hers, gtlpﬁcml er estters Gonesv | act ones fﬁégldjt'c «?t one

mi xtures THEPBOPC] HENIRE 8'%33 PreLiiaEer 3 URGHU additiygy Y s i ted
to, pr ODYrInﬁBEerﬁ&y}’@é{er%T Ryl et ApfdUMaMi) acifs @Yl &ther Bsternbf BEEdNId a@*uher
acet at e( PGVEA), cycl ohexanone, 2-heptanane, ethyl 3-ethoxy-propionate,

et hyl | acvhich, t@%{m?A'Yvé#eéP@S‘Ipaé@oﬁé givet figge FuepicoaAfopi ﬁmpées aMe
m xt ures &Q H(f)mu%{;e sol vent bﬁlJoYcPélEﬁ#d%n@fe%sem inan g % Rfmf rom

about 40 to’a out ercent n certain |nstances e a'gdl tion
of | act ontesé‘bxbmhk;dsulbnuls)mbthnde n dibelipdomgjuil ohrsdh@r@ﬂik)ésulﬁmwbmeﬂwe he

antlrefletlve coating c ed red syste

present, é '| g@f‘%’ﬁé sotf' PFO@W'%@%‘% 18't35yq-'§§8ﬂlfm10% mﬁ?rﬂﬂrysol vent
system yamalogluph gsdriicodlRylsulfvhridl| Ex@fipleseofs Rlbenésters:  2-nfifobedzyihe
antireflective filmis coated on top of the substrate and is_al so subj ected

to dry et'epylate. &4 ﬂ@'t&hﬁngvloﬁew'@wat 2{6ndinitropenzy 6@sviﬁrﬁf.61n8mheyszw met al
I on |eve|to§ﬂ9tepf 6&%2&.&%&1@6 de8 1 taichhatst he. tﬁﬁ&&@ﬁie‘tr%ﬁ -6itrbbén8FM £onduct or

devi ce are not advers ect ed. Treatnments such as passing a so ution of
t he pol yndﬂonobeoz@esarfomaia 2ifluone ethyl-Grmitrolfgnzyk 4xnitembenaenesifornate;i on

processes, can,be iel.0 LAEHCCSId® SONGRANR L MeRloBY Hor:eforRd O

reduce p
quaternary ammonium tris(fluoroalkylsulfonyl)methide, and quaternaryalkyl

ammonium bis(fluoroalkylsulfonyl)imide, alkyl ammonium salts of organic acids,
such as triethylammonium salt of 10-camphorsulfonic acid. A variety of aromatic
(anthracene, naphthalene or benzene derivatives) sulfonic acid amine salts can
be employed as the TAG, including those disclosed in U.S. Pat. Nos. 3,474,054,
4,200,729, 4,251,665 and 5,187,019. Preferably the TAG will have a very low
volatility at temperatures between 170-220°C. Examples of TAGs are those sold
by King Industries under Nacure and CDX names. Such TAG’s are Nacure 5225,
and CDX-2168E, which is a dodecylbenzene sulfonic acid amine salt supplied at
25-30% activity in propylene glycol methyl ether from King Industries, Nbrwalk,
Conn. 06852, USA.

The novel composition may further optionally contain at least one of the
known photoacid generators, examples of which without limitation, are onium

salts, sulfonate compounds, nitrobenzyl esters, triazines, etc. The preferred
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The absorption paraneter (k) of the novel conposition at 193 nmranges from
about 0.05 to about 1.0, preferably fromabout 0.1 to about 0.8 at the
exposur e wawveixngi2h, as derived fromellipsonmetric measeCcenmBriiy000218 one
enbodi mrent the conposition has a k value in the range of about 0.2 to about
0.5 at the exposure wavel ength. The refractive index (n) of the
antireflective coating is also optimzed and can range fromabout 1.3 to
about 2.0, preferably 1.5 to about 1.8. The n and k val ues herein can be

cal cul ated using an ellipsoneter, such as the J. A Wollam VWASE VU 32 TM
El li psoneter,. The exact val ues.of t opt,i ranges for nd. n.are
depe'ndentp'b(?{o?ﬂg B %\%"‘é’ﬁg?ﬁ&?gg g‘ﬂ@r‘?ﬁ%%ﬁfﬁﬁ% i ﬁ% YidfPon. As
expl ai nedsgcinoafy diphenyd FsHBNIRA SSHite Meiphengl sulfsfemasal@ didikljl dadomumof EUV
par anet er s. _ The antirefl ective coating conposition_ is coated on the
subst r at esalts Adakyblfaniyiae salis| and Mywreo theieele Tdiese | rRptogrid gENGIAOrSsuch as

conti ng. r Aag el Sl RO But SE e R Ao ER e ke SO BB 4GS or
| i t hogr apTiye mbeelcoatposidionsnéyibe firee diegttedoanid gehertatqyl at e or convecti on oven

for a sufficient length of tine to renove any residual solvent and induce
crosslinki ng, Hm dritivsflaction| cdmtingzicompokigioantf rtbé| petsente inwattiongntay pr event

i nterm xi ng bet n the antireflective eoatjng and the |ayer to be coated
wbove i+ CaBMGEE aedoa st BB i it LS i issend pisferdBvapout
280C. 40 weidht¥ fonasdut BOOKEIHREL Sof tofal SORILH 9B dopibditidnhehe@ftibnal
antireflective underlayer coating and baked to substantially renove the
phot or esi gosglikgsrivhenusesifethgcomnasitione Mayele pEsgpbal akpudi2veight’ocoat i ng
steps to gl %?e@?o f et S L e in the
artl.o b %ng rs]'(t?bs r é’g ogvté)‘?almﬁ?ﬁ]sr. taﬂge ;{ﬁﬁ?ﬁaelf Pg@t ?’\%gé?\égjt ?nné(}p?)\gnf or med
can be anincofpordited én tayringal from wabedt Ortot dbout &nwveightl &€ by rtofahdalids gf theui t abl e
substrates ,inglyde, w.thout limtation, |ow djieleciric nst ant, materi al s,
ST con, aniPlestivEspling fampasfiay Riplhealy Rorsp 3G ednt S Sidsoat ed
silicon wafer, copper | um, num | ymeri ¢ resins, silicon dioxide, netals,
doped si | 1 con' 8 S8 eabodmant e heVelicmpastion SOmRTISSS IR NPYRRPVIBE: £ cs,

al um nunt m@érwgéﬁyH{e@SdeﬁzﬁbéJj WHBraihs &N caR siikérOb@ersbic Acieh §atierhtor N
conpounds. The substrate may conprise any nunber of |ayers nade fromthe

mat er i al soptonet swéartamang solvent(s). pPhot oresi sts can be any of the types used
in the sem conductor industry, provided the photoactive conpound in the
phot or esi st an arfeeembediment dwa novel coaosHios APSIRIISER dhe povdinet at he
exposure vel ; i L ng. 0 ere are
cever al gt RBet Ebal sin, ARA AUPUARFEDy o ormal dig BBhFrater ™
provi ded eptipmal surdadtastchrainsdvertt¢s)i n m ni aturi zation, and these radi ati on of
248 nm 193 nm 157 and 13.5 nm In the present invention exposure in EUV,
13.5 nm is pant beelanbodiment ahd evovdheomppsition gs sfeed ©f o aimerrragmdiorom 12 nm
to 260 nm_ Photoresists frg 248 nﬂéqave t ifcall ,laeen based on substituted
pol yhydr oRtessid gensgrrion and e nvehee¥mshisrhlaPPeinkiNigeh as t hose descri bed
in US 4,491,628 and US 5, 350, 660. On the ot her hand, photoresists for
exposure at 193*aAPIgRE® 8ivents Trethn FRatNgROMRARIANCNBYHS AAhols. 8stersr omat i cs
are Opaqu@e@tesy mtﬁ?r’é’a‘ﬁ)bdl%ggéthersp yedt4ethBlestd. Wetéhdi60adRhed %?él[?ﬁ?

phot or esi useful for nm éxposure. Generally, pol ynmers contal ni ng
al i cycl i ckétgoes cand onidurasethesend. Examplest of suwihs selvents isglpdeubet aneonet100t o

200 nm i Lic_hydr nbon ' { ' r many
Feasons, PP o8 BE Yl TdbE SBRRPERIT, Honibds BB st s,
rati os whaghate(PGMEA), cyclohexanone, 2-heptanone, ethyl 3-ethoxy-propionate, ethyl
lactate, gamma valerolactone, methyl 3-methoxypropionate, and mixtures thereof.
The solvent is typically present in an amount of from about 40 to about 99.9

weight percent. In certain instances, the addition of lactone solvents is useful in
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i nprove etch resistance, they also provide transparency at | ow wavel engt hs
and they have relatively high glass transition tenperatures. US 5, 843, 624
di scl oseswpabymeresf or photoresi st that are obtai ned bypCras2madioces

pol ynmeri zati on of nal ei c anhydride and unsaturated cyclic nononers. Any of
the known types of 193nm photoresists may be used, such as those descri bed
in US 6,447,980 and US 6, 723,488, and incorporated herein by reference. Two
basi c cl asses of photoresists sensitive at 157 nm and based on fluori nated
pol ymers with pendant fluoroal cohol groups, are known to be substantially
transparent, at at, wavel.engt h.,, One ass of nm f | yor oal cohol

phot or esi E‘?'B'”ﬂsffoefé?h%ié‘atef'?%‘% %&P?%P?ﬂéi‘%‘f Jﬁng GrRgstioyperysed in
fluorinat ﬁqemréy@fé?ﬁ@evvh@n&e@éﬁt m@wn\erwm%ompri@,@%bmaﬂ ik @Bowt t h

ot her transSparent nonomers such as tetrafl uoroethylene (US 6, 790,587, and
US 6, 849, )of diae ﬁ@}V@mtﬂVéfefﬁeNa’Ia'Qf@'?ﬁloﬁﬁéﬂadﬁeflééﬁcé%ﬂ'e Wﬂ/wﬁerl zati on.
Generally, these materials give higher absorbencies but have good plasna
etch resi st anc%lnéﬁéhe @ntlﬁéleﬁl\rﬁ im &8 cestedian opnefeihe. sutstreter éﬂgﬂ'ﬁ |lso a cl ass
of 157 n r

backbonen%@](gpgéﬁ\q)é %XP% v‘é%%rre%en@%‘i EQ ﬁmnsowg&#ﬂm%nm&ﬂ% I di ene
such as 1lioh,lavé, ai%rdoemuﬁ" tieotr purﬁyﬂhatfﬂheqrropambybf4hénsdrrﬂmyﬁu6tdnemmﬁl ene (US

6, 818, 258) or copol r orod ene Wth an oIe in (U

S 516 5904re TRLLEVREED FHRSted: v e R SIR e B8 ASINGG ZaPONESN (h Tut due
to their bayRer HrbGys b forf&XHHRNGe JBIFMTHRFRABDNL Bnd BRirbétA froBesdeardapne

pol ymer, have | ower plasma etch resistance. These two classes of pol ymer s
can of t enbeused Enwsyce thependentratiomaf metal ions archie neducepgRiclasch resi st ance

of the first polynmer type and the high transparency at 157 nm of the second
pol ynmer type. The absorption passnetes (k)eftthabwyebcenpesition at dP3avinbrangesadi at i on

E of 5 G spe |l u h EUV
éh(%res”i?@ %&e cﬁprget?l)t %b&l’}n%gr géeféeﬁb%()g%ﬁ U?W;}]);gs%% ach'é "éff@%
phot or esi sipdmpe bﬂamacbthﬂae deredd diwat i ellissopeetrial meaberensedts.i m eonkeam

i thogra wher e exposure .is conducted. u |n el ect
Aftor g hge%Ba@m@ %g Bosition B\"‘?nag( Yaligibhe HEoR o) @ Oetoﬁgde.abpaho%e

phOtOfeS'ﬁthb%xbﬂ@@%%éx%l&ﬁiﬁsQ"i’\eV\'efchtﬂ/eWﬂaléx %)(ﬁth@%mlreﬁﬁétl@(@&éi%e may be
done using typical exposure equi pnment. Exanpl es of osur e wavel engt h

sour ces aisealsQ oplimigedadnthcagiangs f@ouuab@utrrw @eaf@@éoe Theeferaplys&§ to

phot or esi h e S treated
Phot or osi 210U THE" e SFHEA PRues BRI BHE e cSEUBIRR B, Bt EBYIDERE

conpri si ngychf as trexanAl deiIetrr WWIVL&GWM Elhpmdetexl'ﬂua exddilpludsxafnpl e of
adevelopr iS. 0.26N a s tetramet hyl, amopi um dI‘OXId

ol ut 1 on TBARTBSHEmStas bental “BoTeRBhERRLON P oXRA U BBy Sagt r Reeher
conpri se g trctypatdrsa pI|é§t|&ptA§)@>@élalh@§tpr8@o§§l?p1@&ﬂnbﬁeésﬂﬁ@rh@ﬁfsaér%d into
the process prior to devel opnent and after exposure. The devel opnent forns
a phot or e4sest apan insigationart BUhe paGReteisnder | ayer film which is not renoved
during the devel opnent step. The process of coatlag) and i magi ng

phot or esi st s i Bhevantiredeslive coatingsemprsitipeds japatask oarthe S|Tr§t€bp'§in@1 zed for
t he Spec'%cﬁmtqﬁggv&el E%QBqﬁbssétsHﬁézﬂjm tﬁQ%nP@hEﬁ%Q%ﬁ’pp? yrﬁ&‘t Tt hen be

dry etch ases etch
chanber tspragingvd Herf&nﬁhrmﬂads obthtalam:seftebtlvé]eoamtg raafee &b abdutlSmror

mJItlpIeIa antirefl ecti i with th remalnln ot or esi st
Rot | ng. astorbst AR sREerearbisss2E it o R uBotahth e Cosians 1er or
et chi ng Oﬁ&’%édj ‘énaeﬂhd)tr;ﬂéiee&*ddfﬁe%lﬂ{ OVSfor aUSHfiAentIBRGA of A iosieRtbve2, CF4,
CHF3, Cl12, HBr, SO2, CO Each of the docunents referred to

above ar eanmcr@rs@yabtwemérén% ducef @noéﬁlwlngn phd  Hwsi drgqjubilizing aihe
purposes. , rﬁhsﬂ&g.k/b%é?.ﬂ SlBegrlefv?ﬁt ﬁﬁ m ng Eé\éntheer | d5nirdftAiveeatin

illustrations t he hod produ ut'i | zing conpositi oﬁs of the
present iawktiea layer Tthes eocatcanaite® iarEhaptefémed nater, ofhlewpesature & fromi t or

restrict the pe.of t nyention in any way and shoul d not be construed
as provi d‘?‘t?ﬂj’tjgﬁaﬁ?f? Bhgr}e%@rérret ers or val ues which nust be utilized

exclusively in order to practice the present invention. Exanples
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The refractive index (n) and the absorption (k) values of the carbon hard
mask antireflective coating in the Exanples bel ow were neasured on a J. A

Wool | am \#6E8R/mhd28psonet er . The nol ecul ar wei ghtecofiBtheo@eisyner s
was neasured on a Cel Perneation Chromatograph. Exanple 1 30 grans of
tetramet hoxynet hyl glycoluril, 5.3 granms of 4-fluorophenol, 30 m of

tetrahydrofuran(THF) and 40 m of propylene glycol nethyl ether acetate
(PGVEA) were charged into a flask with a thernoneter, nmechanical stirrer
and a cold water condenser. After a catal ytic anount of

par a- t ol uenesu) f.oni cj d was a the reaction was
mai nt ai ned at ‘L}B "CO?BEOtQ“Fﬁ' gte é%ib'gq oc% géln@f’?l 'gecﬁ'ﬁ‘ér‘l‘n&% ¥J to room
t enper at Ltfd%\tlﬁ?cbﬁd bbRé@do sTJb@tafdtlbw aémowe&hélawtdreaev 'sBflehit oaklicigie! | ed
water while stirring to precipitate the polynme The pol yner was col | ected

by filtr degashrenmguvesmay per@plle%@ﬂebﬁ%eeatmsteés de slasin/be edgepHpl thed
pr eci p| t tr'a gbroc-gggeéj\?/lewﬁﬁfi\ﬁ"ﬂgtﬁe' é,?'er ed, washed thoroughly with

wat er r| e vacuum oven pol ymer product was obt ai ned

Sont et W.e'ng[1 Lﬁéﬁ%ﬁf?@% 85 Bisii b f%e%@% osrtopdn et kbt
Exanpl e 2of3RosH @mbaﬂj‘/ uted i‘rﬁirhietdWycmﬂdm}dr |gdily31@i Smltbbleléﬂlbétrgtfeéﬁmcl@de

4-1 odophengl 0 and 40 m o re char ed into a flask
with a tht hﬁﬁﬁekfe&tat'%c'ﬁynﬂt%?ct%@.qqnétanénfaas?r@@‘fd&mrbr IbRusHBeYateaf ter a

cat al yti coui@yMitoh m@fatwreeaeeybéanb&atéelgndap.nwav&r abBpé0-aARdinunps added,
the reaction was nmi ntai ned at C for about The reaction sol ution

was t hen paynedc tresme,oanilt:@nﬂmmmrreem ¢¢netdeﬁsnd;qon mld¢|$lheqrenua®e sl oWl y
pour o4 1 NeRraflri! bV Sl cBraniBs: Sufinur/cBlpd G IGELPUARLE dibenmeyge - The

pol ymer was €O ation ner - was
r e- di ssolothdr smnhTEEomdl/Wcmmnmmds £The Bubstrate . mayn eoppriga@nywasnberl dfer ed,

washed t hor oughl vvater d dried in a vacuum oven. 18.0 g of the

pol yner ?)S%fﬁg't‘a‘\{ﬁ’ago%‘ mRigri tdﬁs%.'"%’é*ﬂ?ﬂ aver age nol ecul ar wei ght of

about 2,200 g/nol. | odi ne in thefp ynmer was, 21. 1% as, deéerm ned by

el ement aI ana@}gqtgre&sts can be any of the types used In the semiconductor industry,
provided the photoactive compound in the photoresist and the antireflective
coating substantially absorb at the exposure wavelength used for the imaging

process.

To date, there are several major deep ultraviolet (uv) exposure
technologies that have provided signiﬁcant advancement in miniaturization, and
these radiation of 248 nm, 193 nm, 157 and 13.5 nm. In the present invention
exposure in EUV, 13.5 nm, is particularly suitable. The \exposure source can
range from 12 nm to 260 nm. Photoresists for 248 nm .have typically been based
on substituted polyhydroxystyrene and its copolymers/onium salts, such as those
described in US 4,491,628 and US 5,350,660. On the other hand, photoresists
for exposure at 193 nm and 157 nm require non-aromatic polymers since
aromatics are opaque at this wavelength. US 5,843,624 and US 6,866,984
disclose photoresists useful for 193 nm exposure. Generally, polymers
containing alicyclic hydrocarbons are used for photoresists for exposure from
100to 200 nm. Alicyclic hydrocarbons are incorporated into the polymer for many

reasons, primarily since they have relatively high carbon to hydrogen ratios which
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Exanpl e 3 30 grans of tetranethoxynethyl glycoluril, 10.4 grans of
3-iodophenol, 40 mM of THF and 40 m of PGVEA were charged into a flask
with a t hwormmetes23 nmechanical stirrer and a col d wat er pconBEN®e00213Af t er a
catal yti c anount of paratol uenesul fonic acid nonohydrate (0.3g) was added,
the reaction was maintained at 80 C for about 7 hrs. The reaction solution
was then cooled to roomtenperature and filtered. The filtrate was slowy
poured into distilled water while stirring to precipitate the polymer. The
pol ymer was collected by filtration. After drying, the polynmer was
re-dissolved in THF an re i tated ter. The |l ymer was, filtered,
hashed:  NETIRURE R el rets HRbSRaredieb Rl W eSS dndoor y rer
product weeyHdval r@ﬁﬂlvélytthgﬁi gVRIsGRdnsAMAT RefarBUAS| BS 5wBigleh4afisabsiyt 3, 500
g/mol. lodine in the polyner was 21. 7% as det erm ned by el ement al anal ysi s.
The EUV aBRlymsrs dar whstarasistuthatearer ebigned pygireasiediceh rofwmerinasipnaefal ysi s
of the po i i ven in
it erat ar DR SARpIRe 81F AR fiEn U mEhBRicrs ARDPINE Rndlh bl o
tetramet hd)&&nmtplmplorgﬂytsohay be us@d93@mraas tlm‘seaiesncdbpdhantils 6 249 9g0ame of

3,4,5-tri p 30 m THF of P charged into a
Pl ash w t HonBRPRE g SoalbmBled Herdf Ty dpfieriFe, TRE PASE GobERdShser
After a Céﬁ@lblﬁsllsﬁs agansniveohit PE7aNRY é%eﬁéﬁeﬁoﬁhcﬂ@@ﬁﬁétwm et &ith0- 29)
was added, the reaction was naintained at 80 C for about 5.5 hrs. The

reacti on BENdANt oraaicahel GreuRs: @ KBOWBd hes ryyestantially téﬁnfpfarqrtt@iéhat The
filtrate ywage |§h&t dh%uaﬁgﬁ'd?t Ahat LbRAIMALET hke‘igi %ﬁstgt is" G ’ther

precipitate t yner was col l'ect ilTtrati on

dryi ng, th@ylp\@rsyrmontmmg egnbupsolswh |aBTﬂEomaie@+necqunem$ed and warteer . The
pol yne tered was hed, t hor oughl i th wat er n_a vacuu
e 18 BorgoRoEisrat B st e B e iire e bR ety sfgd s

nol ecul ar teteflgbioedfyleHeo (US2,61P90,88 TDlandEXSBYPE,848, 33(7? oiging Gither metal

t et ramet hoxymet hyl gl ycol uril, 8. 2 grans of 3,5-difluorophenol, 40 m of

THE and 4GAtHYeed PkrdcalePayeRErHian | nesnarally.adless materdinedive migear
Techant oabnShbeAses BF ngv ooaIfheha AR BNEEnoAd R LAuRH AN IR RNt of

par at ol uenesu onli Cc acl nmonoh rate eact on was
mai nt ai necortents M raceathn & cl85$mfs157rhm fleeroalcoholguilymersrwasmdesdribedc ool ed

i sti 11 e Bl (s PEVRel eRET i gures aft BB O B B e v
g(r)nljl e?te g;ﬂa@ynm'etrtceatdim sticheas df Y1i1g,3-gditafairy-aetilvadnieathdishpregg in THF
p

itated in [ ol ymer was filtered, washed thoroughly with
wat er andP@rr?eé?ﬁa‘i“ﬁ”% ﬁ@ﬂgﬁ@ r8c‘6°C§yr6f3”%ﬁ3|°5’/‘n‘B€a fuRig ?”M‘trb@?'ai ned
with a Weblﬁﬁﬁ @Seé 896,590). e‘?Hés?é mMReHI gfle Q&fé%ab@@ggs&/bgﬁée athgpiine
content of %mer was 1% as det érmined by el enental analysis. The

EUV absor lwtu @lmemst @Iall@\ue@tawch@ qeetent 53 gompaskad tnthe dperetrorbamengsi s of
h | |
P P Y TSIy BRE (e T0RLANRE AR UL AN AL P RGPUL LS G Bt Y En

Ilterature omin
often be blended to provide a balance between the high etch resistance of the

first polymer type and the high transparency at 157 nm of the second polymer
type.

Photoresists that absorb extreme ultraviolet radiation (EUV) of 13.5nm are
especially useful and are known in the art. Such EUV photoresists are currently
under development, but any suitable EUV photoresist may be used. The novel
coatings can also be used in e-beam lithography, where exposure is conducted

using electron beams.
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30 grans of tetranethoxynmethyl glycoluril, 7.6 granms of

4-trifluoronethyl phenol, 30 mM of THF and 50 mM of PQGVEA were charged into
a flask wvohom/tol@snonet er, mechanical stirrer and a colpdTuBtoaz/o@ersdenser .
After a catalytic anount of paratol uenesul fonic acid nonohydrate (0.3g) was
added, the reaction was nmaintained at 80C for about 7 hrs. The reaction
solution was then cooled to roomtenperature and filtered. The filtrate was
slowy poured into distilled water while stirring to precipitate the

pol ymer. The polymer was collected by filtration. After drying, the polyner
was re-dissolv ol t d_i .
filtered, Wash’g@eIJ ﬂ‘orglgatﬁ]%ppdb% \F/}vgt@ '% %Jn’&n e e n-g g@rhégﬁ{(]) €170 g
of pol ynephqnomﬂ;mttis Mn@@gav\bi;aenmke&wllthamaslghte@eerrag'euermdpesudeamayxmieght of
about 14, orlne content of the polynmer was 5.3% as det er mi ned
by el enen %ﬂe g&? %léYFEC EXERAVES ﬁ%’dﬁﬁ?%@éﬁmﬁ'@ r%fnﬁf‘ﬂ%?éyﬁe‘("ﬁ\/’? €g¥Ycol uri I,
6.9 grams&frcé)’s'é’réoﬁbefﬂq{m ?altﬂogél‘fm&w)pfso%r@é %H?U%”@Qﬁﬁoﬁ'he?’gxﬁﬂseﬂf THF

and 30 ml of PGVEA were charged into a flask h a thernoneter, nechani cal
stirrer aphkptaresistds Wberederelagehderan afyequsadevalapsrt focrem@yentheptreated

ara-tolu n n was
lr[:ni nt ai ne@@?%&q'c&ﬁgfc%gglggg P%’%gﬁ?‘éﬁy%ﬁe@g}é}?%&%ﬂgggo ulE gﬁ vaﬁﬁ?'%hgh cool ed
Ei 0 ro?)lm Ei mmaﬁip\tﬂ% _eletaaa‘rdei!ﬁyl aereshiuri ey dfoxide QTMAK@,SEsalimWewfm)dé%Io;bé‘rt 0
istille ile stirrjn reci pitate the po mer was
col | ect ediShyD-EPN; raqueoRS Apka@meliby R BMuT,ohyreKtas THAR <Sabied T Tor
and preci Db{vé’rb@r‘ﬁehﬂn’{w 8- fof (B0 BEEHTR! VYfFﬁe Bé&él@ﬁ&dmdﬁ’aﬁjﬂ@@rtd&%ﬁ?ﬁgm y with
wat er and dried vacuum oven. 17.7 g of polymer product was obtai ned

with a vve$lg’fﬂ0taﬂﬁ(§r a@@ optivral degtingustepntarobe isenporstegiontyy #el protess iBigy

absor pt | 0{6 §e|8§rln%H %tnﬁdaﬁ(gr %gﬂ s@ég Ragede o &hSHP<§ %F‘\E}hé!t%&és&f the
pol yner and hin no om c absorp TOR varue givenn

literat urnatterneav,dsr ahe)nmmveltlhmdqrtaiyyne‘rlm Exddcipl is 8oBGegroged diiring the

t et r amet hox msth%n 9 coluril,10.8 granms of 3, 5-

bis(trifl )}I %‘%enol 2.9 granms of 2,5-dinmethylphenol, 30 ml of THE
and 50 m of P wer e ?har ed into flask wth at e((ﬁrm)meter nechani cal

stirrer and a ArogEte Ot CORNRN S4B '"ﬂgi'lgr PRORERSISS 5 Wwellngan those
par a- t ol uggiRsHinf 9B 4t 864 s gﬁﬂﬂmédrféF the Spectid typ@%fagﬂ'ﬁ)%jresfshﬁsé@a%bon Was

mai ntai ned at 80 C for abo hrs. The reaction solution was then cool ed
to room trearttﬁénqﬂ $ubstsate ¢an| theneble dmetehad: with aretching apy qsguibdtei oft o

distilled n [ e mer was
col | ect edggk{)gae f|"|"t ra%@gﬁ h %h%'%bigflg? m}]rﬁ&}e tﬁ%eex‘&%%’%c)rggﬁggo vge in THF
and preci qmttraﬂmﬂlve i Imedrenult@leelapeﬂsymfeantmaf@cﬁwétoena&dgs,waﬂh&ré remaining
photoresist acting as an etch mask. Various etching gases are known in the art
for etching organic antireflective coatings, such as those comprising O,, CFy,,

CHFj3, Cla, HBr, SO, CO, etc.

Each of the documents referred to above are incorporated herein by
reference in its entirety, for all purposes. The following specific examples will
provide detailed illustrations of the methods of producing and utilizing
compositions of the present invention. These examples are not intended,
however, to limit or restrict the scope of the invention in any way and should not
be construed as providing conditions, parameters or values which must be

utilized exclusively in order to practice the present invention.
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thoroughly with water and dried in a vacuum oven. 21.0 g of polynmer product
was obtained with a weight average nol ecul ar wei ght of about 10, 000 g/ nol .
Fl uori ne wonvenin7s28 t he pol yner was 12.5% as det er m nedpoy/iBtoezent s

anal ysis. Exanple 9 30 grans of tetranethoxynethyl glycoluril, 10.4 grans
of 3-iodophenol, 3.7 granms of 4-acetylresorcinol, 40 m of THF and 40 m of
PGVEA were charged into a flask wwth a thernoneter, nechanical stirrer and
a cold water condenser. After a catalytic anount of para-toluenesul fonic
acid nonohydrate (0.3g) was added, the reaction was mai ntained at 80 C for
about 6 hlr_:s. lee reaction solution was then cooled to roomtenperature and
filtered. ltrate was slowy poured into distilled water while

stirring to precipitate th I r, The pql s cqllected b
Filtration At Pl naenpargriap Ahzehiohdiks valies ! ithe abomerd

preci pi t ajadk idhtiveHeRtive EBBLIMPIY IR E4dmpldd belodd wereshesburé®iopughl yaw t h
wat er and dried in a vacuumoven. 26.0 g of polyner product was obtai ned

with a weVvgellan\éhalg32 piipe@uiptar. wei ght of about 3,900 g/ nol. Exanple 10 20
grans of tetranethoxynethyl glycoluril, 6.0 grans of 3-iodophenol, 4.9
grans of 3, 5- diheemieldcularivgigpraddiog polsmens web MedFsuwied 08@ Gl BeérnrEaieA wer e
char ged iQF\R)rﬁat%%ﬁ) with a thernoneter, nmechanical stirrer and a cold

wat er condenser. er a catalytic anount of para-toluenesul fonic acid
nonohydrate (0.2g) was added, the reaction was maintained at 80 C for about
5 hrs. ThE reactjon solution was then cooled to roomtenperature and
filtered. i+trate was slowy poured into distilled water while

stirring to preci Pitate t he pol yner. The _pol yner was col | ect ed by
filtratiof0 9rgPeeT tRiAMRIhoXmaethY)| q}mur\ﬂfaé-%@rﬁmssgwwﬂearqphenﬂﬂaﬁal of
precipita l R o] i t W t h
wat er and{eggmé(goﬁﬁégﬁ\'ﬁ; uﬁﬂ?oggﬁﬂ 2&{@ ré}&ﬂé%%ygcr%"? ﬁ%ﬁ@éugtﬁ%\e\au%%%t? ai ned
with a we{R{BVEAY seag ehangied dntioza flagki with adheraheroetes, reochaylicalistirreEandml e 11

g of benzirRET ROt rAfar 6 b BTl op bip By SlsRRfidee - ©°
nononet hymehbleydratet (@t 35g) MavEfydek tiee rI2Rlige vashaintihédaksow Clfons tpnidenser ,
thermal cgntroller a(gd_a nmechani cal 'é‘;l rrer. Under nitrogen angfstl rring,

the mi xt utRe FERCHRBaRAHIGD WeBORENACRYIRA IO SBPT IRSAPHIALIB A Alkereds (Taf - 1-2
nours. ThAb@TRRLALIENE WBErdeRito AisthkCwbRir AhMOWSiRing RO HréqBtatBlineo0g_of

PGVEA and 36 g of propylene oxide were mxed wt he above solution. The
react i on Rel¥mReptheapolymer Was cdi@ctads by Tileationa &ftien firdod uthecpelwasr sl ed t o

room tenper Q i.nt I r.dna

i g spec ApeiiRd M TRE i o RER R B el B APRE YasdiehSh et «
wat er. Fi thardughlyt with paterresid driesl idra vatuum averad@udny of polymbh pgodifct palsy mer  was
obtained with ANt 8 adeh Rierset HoldRh A eitMEr S0 Y80 5PmSO B! -

content in the polymer was 2.0% as determined by elemental analysis.

Example 2

30 grams of tetramethoxymethyl glycoluril, 10.4 grams of 4-iodophenol, 40 ml of
THF and 40 mi of PGMEA were charged into a flask with a thermometer,
mechanical stirrer and a cold water condenser. After a catalytic amount of para-
toluenesulfonic acid monohydrate (0.35g) was added, the reaction was
maintained at 80 °C for about 7 hrs. The reaction solution was then cooled to
- room temperature and filtered. The filtrate was slowly poured into distilled water

while stirring to precipitate the polymer. The polymer was collected by filtration.
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Example 12 110 g of tetranethoxynethyl glycoluril and 61 g of
tris(2-hydroxyethyl)cyanuric acid were added in 350g of dioxane. The

t enper at we 20esore28sed to 92-94 C and a clear sol ution was/mBbiavoves 0.7 g
of parat ol uenesul fonic acid (PTSA) was added and the reaction was all owed
for 6 hours at reflux. After cooling down to roomtenperature, 0.5 g
triethyl am ne was added. The solution was precipitated in n-butyl acetate
at 5 C The polyner was filtered and dried under vacuum The pol yner
obt ai ned had a wei ght average nol ecul ar wei ght of about 2,200 g/nol.

Onaor | ayehe) it SRR g ARG el YRR P aRIHELTA b Thg L on

of the popyigeier waarfiltSyed, vesshed Bxaopykly Wwittawaterd@di driedOh3DvREMaNORPEVE. The
200 C/ 60 s to give

sol ution spi_n, coated on sjlicon wafers and baked at
afilm P%AQ ;ﬂé\yﬁemﬁmerse!%m ‘Mﬁ_ﬁs‘\’,@?@ﬁgn‘é’ & Wi avemps meleqy'arcon
waf er CO&%%?%? Bb&RALOO@YRhoIMdid B thl WRRel BB 150%, s dtefthinedHyhesi s

Exanpl e 1. e solvent waS renoved by nitrogen blowing. No significant film
| oss was elegwmnlal@natysisr the solvent treatment. Similar experinment were
performed using AZ(r) 300 M F devel oper (0.26N tetranethyl ammoni um

hydroxi de in water) instead of solvent m xture. The above EUV underl ayer

fil m denoAgémplesdl good resi stance to devel oper.

30 grams of tetramethoxymethyl glycoluril, 10.4 grams of 3-iodophenol, 40 ml of
THF and 40 ml of PGMEA were charged into a flask with a thermometer,
mechanical stirrer and a cold water condenser. After a catalytic amount of para-
toluenesulfonic acid monohydrate (0.3g) was added, the reaction was maintained
at 80 °C for about 7 hrs. The reaction solution was then cooled to room
temperature and filtered. The filtrate was slowly poured into distilled water while
stirring to precipitate the polymer. The polymer was collected by filtration. After
drying, the polymer was re-dissolved in THF and precipitated in water. The
polymer was filtered, washed thoroughly with water and dried in a vacuum oven.
24.0 g of polymer product was obtained with a weight average molecular weight
of about 3,500 g/mol. lodine in the polymer was 21.7% as determined by
elemental analysis. The EUV absorption was calculated to be 7.7/g based on
elemental analysis of the polymer and by assigning a known atomic absorption

value given in literature to each atom in the polymer.

Example 4

20 grams of tetramethoxymethyl glycoluril, 6.9 grams of 3-iodophenol, 2.9 grams
of 3,4,5-trimethoxyphenol, 30 ml of THF and 30 ml of PGMEA were charged into
a flask with a thermometer, mechanical stirrer and a cold water condenser. After
a catalytic amount of para-toluenesuifonic acid monohydrate (0.2g) was added,
the reaction was maintained at 80 °C for about 5.5 hrs. The reaction solution was
then cooled to room temperature and filtered. The filtrate was slowly poured into

distilled water while stirring to precipitate the polymer. The polymer was collected
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The above experinments were repeated with pol ymer sol utions nade by pol yners
from Synt hesis Exanple 2-9 in PGQVEA/ PGVE 70/ 30. The EWV underl ayer filns
had good weznsmmee to both casting sol vent and devel opecTiaBit/idod oss of
t he underl ayer was observed after the solvent treatnment or the devel oper
treatnment. Exanple 14 1.71 g of polymer from Synthesis Exanple 12, 0.73 g
of product from Synthesis Exanple 11 and 0.49 g of product from Synthesis
Exanpl e 2 was dissolved in 287 g of PGVEA/ PGVE 70/ 30 sol vent and 8.9 g
gamma- val erol actone to rrake a 1.0 wt% solution. The m xture then was

filtered Bhﬁ rléggnaAﬁé r ol | f\v8s —5 al'véguﬁ’f'l' gndJ fci Tt%'tee ?\l ution
¥i'? ({ﬂ des e’zid‘H m?‘%l rré ) Cf

was dil ut 0 obtaln ness w vents then
spi n- coat wdtedn The Sidlyreemwaaffiterdd) rwakhesiethoralgyhiyl Imﬁthcwateedandaﬁ@ed waz t hen

heat ed on a hot Iat for m nute at 200C. roduct
f r om Synt HHUen E§§%| 8019 of pelymer BFO&P%Y"SEIJ%E‘%SM‘@W NES %aﬁﬁ le 5 was
di ssol vednyjofeclit? wikigHt O?%@{f@@gméﬁo sol vent and 5.

gama- val erol actone to nake a % sol ution. The mxture t hen was

filtered through a micro filter with a pore size of 0.2 um The solution
was dllutg & Iclegtaln the desired filmthickness with same sol vents then
spi n- coat sili con waf er for 40 seconds. The coated wafer was then

From Synt ALgrneRLRr o dgRe iy Auf e ora s B membereheRabipdt Mang
0.8 g of ¢f PHECAHNd r40mn5)dﬁtF"(BME$\ Epeaérmherg%dem @i fask wetel & nthéiorgetet,

PGVEA!/ PGVE 70/ 30 sol vent and amma-val erol actone to make a 1.0 wt %
sol ut i on. MeRBaRiEshirrer eRd R 9@@ VY"i‘tP'E EQWWSEF AT A capbitis ameynd of Refdr a por e

si ze of Oto?uéhre@ulfJH?@aéue'd%éﬁ&wdmx% @130y ved ddaeabirRi rBa&t"tﬁm \Q§§Maﬁﬁitafde|dm

t hi ckness wth sane sol vents "t hen 'spinh-coat ed on a silicon wafer for
seconds. 3h&80ctatiod alwiubrd Was iThenrdastior dsabution hets phent sopled fo rrpwmute at

S temperature and filtered. The filtrate was slowly poured into distilled water while

stirring to precipitate the polymer. The polymer was collected by filtration. After
drying, the polymer was re-dissolved in THF and precipitated in water. The
polymer was filtered, washed thoroughly with water and dried in a vacuum oven.
18.0 g of polymer product was obtained with a weight average molecular weight
of about 6200 g/mol. Fluorine content of the polymer was 7.1% as determined by
elemental analysis. The EUV absorption was calculated to be 1.57/g based on
elemental analysis of the polymer and by assigning a known atomic absorption

value given in literature to each atom in the polymer.

Example 6

30 grams of tetramethoxymethyl glycoluril, 7.6 grams of 4-trifluoromethylphenal,
30 ml of THF and 50 ml of PGMEA were charged into a flask with a thermometer,
mechanical stirrer and a cold water condenser. After a catalytic amount of para-
toluenesulfonic acid monohydrate (0.3g) was added, the reaction was maintained
at 80°C for about 7 hrs. The reaction solution was then cooled to room
temperature and filtered. The filtrate was slowly poured into distilled water while
stirring to precipitate the polymer. The polymer was collected by filtration. After

drying, the polymer was re-dissolved in THF and precipitated in water. The
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Exanple 17 0.6 g of product from Synthesis Exanple 11 and 1.4 g of product
from Synt hesis Exanple 8 was dissolved in 192 g of PGQVEA/ PGVE 70/ 30 sol vent
and 5.9 gwvoammrveBer ol actone to nmake a 1.0 wt % sol uti orCcT/IB®1ZVDOOR1E € t hen
was filtered through a micro filter with a pore size of 0.2 urn. The
solution was diluted to obtain the desired filmthickness with sane

sol vents then spin-coated on a silicon wafer for 40 seconds. The coated
waf er was then heated on a hot plate for 1 mnute at 200C. Exanple 18 0.6 ¢
of product from Synthesis Exanple 11 and 1.4 g of product from Synt hesi s

Exampl e 9 v n .90
garmae val RISE N MEE wbshEd 1o Bty Yo Wil PR PR R R il
filtered thoaqughpalymiet peoduct vas olitdihed witbr 2 welighe avéré@;eZmumcuTBﬁ&/@ghtUti on
was diluted to obtajin th esired filmihickness with sanme sol vents then
spi n- coat ¥Rt 44300 @/Bip V\gpg?”? gpnigpt gé%rﬁgym%@/aéosa%%oe%\ﬂ?@fmmg t hen
heat ed onb)ae||@9{en@é|aatn%|)fsgr 1 mnute at 200C. Exanple 19 1.71 g of polyner
from Synt hesi s Exanple 12, 0.73 g of product from Synthesis Exanple 11 and
0.49 g of product from Synthesis Exanple 2 was dissolved in 287 g of
PGQVEA/ P solvent and 8.9 g gammma-val erol actone to make a 1.0 Wt %
sol uti orc];\gﬁalrﬁ‘é—%%ure of 0.073 g of 10% of dodecyl benzene sul fonic acid

onat | no. 20 Bfarkg o e aaret T dfoaii, S atr ik AR AL 9850 was

added in éfﬂZSWnEﬂﬁlpH%ﬂbUt BOMml of EHMaKY Bemi b POMIBA Wdreaieegddimeeigh a
mcro filter with pore size of 0.2 um The solution was diluted to obtain

t he desi r@ﬁka'Fthh?r@W@%@rvm?Waiﬁ?ﬁé sigerand @ qald walsli G eisasd AfSr @ sili con
it e ar R R o AR e R aDAG g rad ABpalle 0"
i ndex (n)reantiord w28 maintaibed@dt8001C (fir) akoutad.51198. ihhe rEactiqn sol@tion was

then cooled to room temperature and filtered. The filtrate was slowly poured into

distilled water while stirring to precipitate the polymer. The polymer was collected

by filtration. After drying, the polymer was re-dissolved in THF and precipitated in

water. The polymer was filtered, washed thoroughly with water and dried in a

vacuum oven. 17.7 g of polymer product was obtained with a weight average

molecular weight of about 5100 g/mol. The EUV absorption was calculated to be

7.0/g based on elemental analysis of the polymer and by assigning a known

atomic absorption value given in literature to each atom in the polymer.

Example 8

30 grams of tetramethoxymethyl glycolurii, 10.8 grams of 3,5-
bis(trifluoromethyl)phenol, 2.9 grams of 2,5-dimethylphenol, 30 ml of THF and 50
ml of PGMEA were charged into a flask with a thermometer, mechanical stirrer
and a cold water condenser. After a catalytic amount of para-toluenesulfonic acid
monohydrate (0.25g) was added, the reaction was maintained at 80 °C for about
4.5 hrs. The reaction solution was then cooled to room temperature and filtered.
The filtrate was slowly poured into distilled water while stirring to precipitate the
polymer. The polymer was collected by filtration. After drying, the polymer was

re-dissolved in THF and precipitated in water. The polymer was filtered, washed
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0.6 g of product from Synthesis Exanple 11 and 1.4 g of product from
Synthesis Exanple 5 was di ssolved in 192 g of PGQVEA/ PGVE 70/ 30 sol vent and
5.9 g gamwewelera2Bact one to nake a 1.0 w % sol uti on. ApgiraBango@m2130. 06 ¢
of 10% of dodecyl benzene sulfonic acid triethylam ne salt in PGVEA PGVE

70/ 30, 0.06 g of 10% of nonafl uorobutanesulfonic acid triethylamne salt in
PGVEA/ PGVE 70/ 30 was added in the polyner solution. The m xture then was
filtered through a micro filter with a pore size of 0.2 um The solution
was diluted to obtain the desired filmthickness with sane solvents then
spi n-coatgd on SI|IC fer for 40 seconds., The ed waf r.was then
heat ed ont?' ngl? évaf ra,'% ﬁi%f‘@\éﬁ Ufab@’enfﬁé ‘ﬂ%’iaf’@ edp?tr? léﬁt V‘@zf’r aneters
arel. 76 f@tstarn@ﬁrvam ameugﬂm@éra(qae)mared;u&r%@mrofaalb&mMOQO gWﬁbl Fudtinel 93 nm
Example 21 0. ymer from Synt hesis Exanple 12 of product

from Synt%ﬁ?'%t @g%ﬁplé!mﬂ“@ﬁd%(’é 3 dateppingd Oy q‘?'ﬁﬁi‘@i/ﬁﬂﬂé%‘ﬁs Exanpl e 3 was
di ssolved in 192 g of PGVEA/ PGVE 70/ 30 solvent and 5.9 ¢

gama- val erol actone to nake a 1.0 wt% solution. A m xture of 0.06 g of 10%
of dodecyEkamplerfe sul fonic acid triethylam ne salt in PGQVEA/ PGVE 70/ 30,
0.06 g of 10% of nonafl uorobutanesul fonic acid triethylamne salt in

PGVEA/ PGVED Td1aR38 wvhdeteatdeithokymetingl pgwcplmﬂ SOJ4ulgi'arms dth8-iodogthenel,t BFn was

filtered throu ro filte f um The solution
s g 1 ut Ganooh seFhieRa cinal Ao it PR ALET 4l RAVEATDers hefie ! hon
Spi n- coat @b afiadk ShitH & Wermrestef, %e&%rﬁ@mﬂm‘ar and& @&atmembﬁdenw t hen
heated on a hot plate for 1 m nute at 200C. Exanple 22 0. ?%of pr oduct

from Synt%@r 8 eatalnie @moung i para- tglusnewl@@m,ﬁcrﬂr wspmrﬁées 3gkaas e 7 was
di ssol ved Ig\ﬁvfag/ ﬁ,@iﬁ 30 9

gamma- val ae# ac ﬁg%rg%tgté make a 8'?]% i’(?g%r %&QH]F)% D%é 1c-) 86?3%'08 of 10%
of dodecysdietirewas sherf cotled tociodnt tenmdrgtlmmané fittated. Them\ﬂm 30,
0.06 g of 10%o0f. n i ,uor.obut neufo c aci.d triethyl am

PaVEAT POVRSUTEH o RS danter R nd R Predfiied ke poeR $6e Fhme vas
filtered fhseumdriéd BY Gilteatioh! ARér dvyiry, m@ﬁm@n@rmm@ d)seolwa inThigF spidut i on
was diluted to obtain the_desired filmthickness with sanme solvents then

spi n- coat RECHHatedsin vates. AE drolymer wassfittesediswashrd hseughlyayitt Waer t hen
heat ed i .
eated on,gy rElﬂ%d Ah& §ab@imlovd 2%660 ? 8{’3ggﬁj‘poe}hgrgggéz\%&ég%b?@ﬁ]bgt%lﬂp%r amet ers

arel. 72 for ractive 1 ndex : I on at 193 nm
Exanpl e Z\Bel@hBa@regemaienutar\mlgmcﬂwhdme&%ml‘g(m@bl e 11 and 1.4 g of product
from Synt hesi s

Example 10

20 grams of tetramethoxymethyl glycoluril, 6.0 grams of 3-iodophenol, 4.9 grams
of 3,5-dimethyl 4-iodophenol, 30 mi of THF and 30 ml of PGMEA were charged
into a flask with a thermometer, mechanical stirrer and a cold water condenser.
After a catalytic amount of para-toluenesulfonic acid monohydrate (0.2g) was
added, the reaction was maintained at 80 °C for about 5 hrs. The reaction
solution was then cooled to room temperature and filtered. The filtrate was slowly
poured into distilled water while stirring to precipitate the polymer. The polymer
was collected by filtration. After drying, the polymer was re-dissolved in THF and
precipitated in water. The polymer was filtered, washed thoroughly with water
and dried in a vacuum oven. 21.0 g of polymer product was obtained with a

weight average molecular weight of about 3,800 g/mol.
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Exanple 9 was dissolved in 192 g of PGQVEA/ PGVE 70/ 30 solvent and 5.9 g
gama- val erol actone to nake a 1.0 wt% solution. A mxture of 0.06 g of 10%
of dodecybhernzeme3sul fonic acid triethylamne salt in PGUEBZRE2130/ 30,
0.06 g of 10% of nonafl uorobutanesul fonic acid triethylamne salt in

PGVEA/ PGVE 70/ 30 was added in the polynmer solution. The m xture then was
filtered through a mcro filter with a pore size of 0.2 urn. The solution
was diluted to obtain the desired filmthickness with sane solvents then
spin-coated on a silicon wafer for 40 seconds. The coated wafer was then
heat ed on_a hoé Elate for 1 mnute at 200C. The neasured optical paraneters
arel. 76 f tive index (n) and 0.30 for absorption (k) at at 193 nm

Exanpl e 24 roduct from Synthesis, Exanple 11 and 1.4 roduct
from Synt ﬁ%& of g&! Feéra&‘a%@é‘y'éﬁ cidi ﬂ’/'éBhYC;{dPsai § r StQUEAS e O gﬁ)ﬁB@ sol vent

and 5.9 g @ﬁgé;ﬁﬁ ne ke 0 34t % gol onp 10% of
triethyl ab tﬁiaﬁ’frﬁ&@%ﬁr}g 78|;'|g(r)lagwas gr&%ed aﬁl t%e B%ﬂl ymerro%so%]n%%J Blg(r)ll The

m xture t menomethyiétheracetate Kir GivFA Jaweteceharged it anflask antboa eosdensesf 0.2

urn. The | u d|| ted t i e f|| ss. wWth

sanme solv f@g ﬁgﬂt\'\@ger 2 a?tgﬁecg‘ﬁﬂ%gﬁ sP"%'h UHS& ?O én é tiw@ lshIeh

ggag eg Mﬁ?ﬂun&!&\gaé hr@fatdue&i edo‘ﬁ@ A tlotr polatien wars ?jbtmriedt @fteftt Q—Qg@urE])c(arrpl e
g of product fro nt hesij e 11 and 1.4 pr ct from

Synt hesi sT '@(é@fﬁp%rawrﬁé’%a%ké%to?tvbw%l%fqgg gUGH %M%&Eg% Mﬁé\ent and

5.9 g gangrq v8! £ W Bﬂd@%@re%&e@ WitV&IRObHEVOBolulloR. Thefred&tibrof

triethylamne in /30 was added in the polyner solution. The
m xture tWea kepd &t 501G dfor rﬂﬁomhwgﬂn aheai aaetion | scdution twasa cpoled & Zeowf 0. 2

um The s e o} th same
sol vents n é)%'fn- i}oa%lé\gfyoﬁo%r%d P'l con'a\%\%eeaﬁjr$ nﬁeo O\I/'l"sljgcl;:no'tr'lgH ﬂall"n%&ce\gat ed
waf er wasblehééer. Teat pslymor aabadollpttetiearfdwaihed Ithtireugi’ﬁly%ﬁCwater. Finally,

the polymer was dried in a vacuum oven. 16 g of polymer was obtained with an

average molecular weight (MW) of about 20,000 g/mol.

Example 12

110 g of tetramethoxymethyl glycoluril and 61 g of tris(2-hydroxyethyl)cyanuric
acid were added in 350g of dioxane. The temperature was raised to 92-94° C
and a clear solution was obtained. 0.7 g of paratoluenesuifonic acid (PTSA) was
added and the reaction was allowed for 6 hours at reflux. After cooling down to
room temperature, 0.5 g triethyl amine was added. The solution was precipitated
in n-butyl acetate at 5° C. The polymer was filtered and dried under vacuum. The

polymer obtained had a weight average molecular weight of about 2,200 g/mol.

Example 13

Evaluation of Resistance to Solvents and Developer for Underlayer Films made

from polymers in synthesis examples 1-9.

A solution of the polymer from Synthesis Example 1 was made in 70/30
PGMEA/PGME. The solution was spin coated on silicon wafers and baked at 200
°C/ 60 s to give a film. PGMEA/PGME 70/30 solvent was dispensed for 60 s on
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Exanpl e 26 Eval uation of Resistance to Sol vents and Devel oper for

underl ayer Filnms made from formul ati on exanpl es 14-25. PGVEA/ PGVE 70/ 30

sol vent wwwe 2dizspesesed i ndi vidual ly on the coated and baleed/B2d12/6@130af er s
from Exanpl es 14-25. The sol vent was renoved by nitrogen blow ng after 60 s
of dispense. No significant filmlosses were observed in the sol vent.
Simlar experinments were perforned with AZ(r) 300 MF devel oper. The above
EUV underl ayer fil m denonstrated good resistance to devel oper. No
significant filmlosses were observed in the developer. The filns did not

di ssolve jn the solv nt or the, devel gper s ood r ossl k n The
under | ayeﬁhewég'c‘&” s‘ﬁa ﬁc??@é%cﬁ dViR, ‘{ﬂdﬁgg}'?r W-?gev\ir‘] %“E"Ffoﬁ'lf’ "'E'Iﬂﬁg?i'uer mal
aci d genegsahifesis! BxsrprplesTrRg @1%@5wa§h@n%@db@§enmead%dwﬁ@ Nee

under | ayer formnul ation, sufficient crosslinking was present despite the
presence SgnAceRISEM 78S wasebrSvedaftas e splwebtatgéatmr% oviNtilgr expenimast

bst r at
Beanpl o 7o TBelR 45D A7E0 Al BILICRE: GRORL \tarmBRIAATHARNA - o Hum
nyl on syrhyrgexnﬂelm@Vateﬂjhestsaﬁmfesorm\tmmgmr@oﬁhedubomeﬁu% unsietagaernfilmaf er and

post application baked at .200C/ nds EUV SEVR- 139 phot or esi st
(avai | abl €€ WPB?H%E%Q S'éﬁf‘%fosg Al bany, New York) was coated on top

of the underl ayer. It was baked and posed at SEMATECH using their 0.3NA
(nuneri cafh %EBPY%Pé‘?eW%ﬁW%ﬁF?Me% e RAlYpes el E“‘Eﬁ\/“@aﬁl by(RARPrS Af t er

devel opnefbm $yitnédis BRARPRILD RESEMERPEMEBED/RY AHLESY WMdenahet finds CD

scanni ng el ectron m croscope (CDSEM topdown neasurenent and Cross section
pi ct ures bakgnodnesistaane IENoth casling pelventhanddenelbaer. Ny fitth Ipss okthe

underlayer was observed after the solvent treatment or the developer treatment.

Example 14

1.71 g of polymer from Synthesis Example 12, 0.73 g of product from Synthesis
Example 11 and 0.49 g of product from Synthesis Example 2 was dissolved in
287 g of PGMEA/PGME 70/30 solvent and 8.9 g gamma-valerolactone to make a
1.0 wt% solution. The mixture then was filtered through a micro filter with a pore
size of 0.2 um. The solution was diluted to obtain the desired film thickness with
same solvents then spin-coated on a silicon wafer for 40 seconds. The coated

wafer was then heated on a hot plate for 1 minute at 200°C.

Example 15

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 5 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. The mixture then was filtered
through a micro filter with a pore size of 0.2 um. The solution was diluted to
obtain the desired film thickness with same solvents then spin-coated on a silicon
wafer for 40 seconds. The coated wafer was then heated on a hot plate for 1
minute at 200°C.
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showed good photoresist pattern profiles with mniml footing and cl ean

| ines wthout scumm ng. The EUV |ithography was shown to have excel | ent
phot osenswoi2eiz7e28 30 nm 1:1 [IS at 11. 7mJ/ cn2. The patrtensabe@2isad good
col  apse margin, depth of focus and process w ndow. Exanple 28 The

under| ayer solution of Exanple 22 was filtered using a 0.2um nyl on syringe
filter. The sanple was then coated on an 8" silicon wafer and post
application baked at 200C/ 60seconds. EUV SEVR- 139 phot oresi st was coated on
top of underlayer. It was baked and exposed at SEMATECH using their 0.3NA

(nurrericzll; alﬁelrtge) Al bany Excinmer m cro-exposure EUV tool (eMET). After
devel op g i t hographi c performance was eval uated wi th both CDSEM

t opdown surenments and cro section piGtuyres taken upder an SEM

i er 0scopLe ST PIDEAIT SITERSS fRgEPIE o e bf Berwel B2m SRR 1 1 es
Wi th mni Eﬁém&l@oﬂi &84 613% 6f SdAutt M&H SYnkheyiE Eﬁgmgm' B%as dissdRldd ihi tgpogr aphy
was shown to have excellent photosensitivity of 30 nm1l:1 L/S at

11. 7m)/ cn@ of PRMPAIRGVIRE /30 selxent@ists O pamsea-waleglactone tr make 3 ddus and
process w, Qg 9%%i%ufé‘th‘éﬂ%éé ﬁY§{ed%L{gH% ﬁRﬁBgﬁéH\/ﬂ%‘a 'sizd N9 a
pol ymer, &re 1t he pol ynmer conprises at |east one hydroxyaromatic unit in
t he backboff®2aim.tThe spdltionewas dilqited $0 obtain tHeudesiredrfilindttizknessewith sand at

| cast one_ ol oIDLLsing, 80 A npel actro T0G0 SRR | 1RR Qah e WheTe

was then heated on a hot plate for 1 minute at 200°C.

Example 17

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 8 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 Wt% solution. The mixture then was filtered
through a micro filter with a pore size of 0.2 um. The solution was diluted to
obtain the desired film thickness with same solvents then spin-coated on a silicon
wafer for 40 seconds. The coated wafer was then heated on a hot plate for 1
minute at 200°C.

Example 18

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 9 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. The mixture then was filtered
through a micro filter with a pore size of 0.2 um. The solution was diluted to
obtain the desired film thickness with same solvents then spin-coated on a silicon
wafer for 40 seconds. The coated wafer was then heated on a hot plate for 1
minute at 200°C.
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(1), (1) where, Rl is selected froman iodo noiety and fluoro noiety, R2
and R3 and i ndependently selected froman iodo noiety, a fluoro noiety,

hydr oxyl ,wOQGat2/10492al kyl , hydroxy(C - C4) al kyl , O0Cl- C4al kylCr/1B2012/000213

(C=0) (C1A)al kyl, Cil-C4al kylC1 C4)al kyl, C1-C4al kyl (C=0) (C1-C4)al kyl
C(0)0(Cl-A4)al kyl and R2 and R3 are connected to form hydroxyaromatic ring
fused to the phenol. 3. The conposition of claiml1l or 2, where the fluoro
or iodo noiety is selected froml, F, Cratfluoroal kyl, Crat

hydr oxyf | uor oal kyl, OCl- CAfl uoroal kyl C(0)(Cl-C4)fl uoroal kyl, and

C(0)0o(C1- II%O{QOal kyl. 4. The conposition of one of clainms 1 to 3, where
the unit g an am noplast is derived froma glycoluril nononer or

from a urgaif or sl dehyde oL BRTE. £, 0, 2021 AY B2RCTAL BA01/ 000212
Example 11 and 0.49 g of product from Synthesis Example 2 was dissolved in
287 g of PGMEA/PGME 70/30 solvent and 8.9 g gamma-valerolactone to make a
1.0 wt% solution. A mixture of 0.073 g of 10% of dodecylbenzene sulfonic acid
triethylamine salt in PGMEA/PGME 70/30, 0.073 g of 10% of
nonafluorobutanesulfonic acid triethylamine salt in PGMEA/PGME 70/30 was

added in the polymer solution. The mixture then was filtered through a micro filter

with a pore size of 0.2 um. The solution was diluted to obtain the desired film
thickness with same solvents then spin-coated on a silicon wafer for 40 seconds.
The coated wafer was then heated on a hot plate for 1 minute at 200°C. The
measured optical parameters are1.83 for refractive index (n) and 0.29 for

absorption (k) at at 193 nm.

Example 20

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 5 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. A mixture of 0.06 g of 10% of
dodecylbenzene sulfonic acid triethylamine salt in PGMEA/PGME 70/30, 0.06 g
of 10% of nonafluorobutanesulfonic acid triethylamine salt in PGMEA/PGME
70/30 was added in the polymer solution. The mixture then was filtered through a
micro filter with a pore size of 0.2 um. The solution was diluted to obtain the
desired film thickness with same solvents then spin-coated on a silicon wafer for
40 seconds. The coated wafer was then heated on a hot plate for 1 minute at
200°C. The measured optical parameters are1.76 for refractive index (n) and
0.37 for absorption (k) at at 193 nm.
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5. The conposition of one of clains 1 to 4, where the polyner further
conprises a phenolic unit free of a fluoro or iodo noiety, a thermal acid
gener at orwoaooloyest er pol ymer, and/or a glycoluril pol yoenszhiibbh@eent from
the polyner of claim1. 6. The conposition of one of clains 1 to 5,
wherein the hydroxyaromatic unit is naphthol. 7. The conposition of one of
clainms 1 to 6 further conprising a solvent, and/or a secondary pol yner. 8.
The conposition or polyner of one of clains 1 to 7 having a fluoro or iodo
content in the range of 1% to 30% by wei ght.

Example 21

0.6 g of polymer from Synthesis Example 12, 0.6 g of product from Synthesis
Example 11 and 0.8 g of product from Synthesis Example 3 was dissolved in 192
g of PGMEA/PGME 70/30 solvent and 5.9 g gamma-valerolactone to make a 1.0
wt% solution. A mixture of 0.06 g of 10% of dodecylbenzene sulfonic acid
triethylamine salt in PGMEA/PGME 70/30, 0.06 g of 10% of
nonafluorobutanesulfonic acid triethylamine salt in PGMEA/PGME 70/30 was
added in the polymer solution. The mixture then was filtered through a micro filter
with a pore si.ze of 0.2 um. The solution was diluted to obtain the desired film
thickness with same solvents then spin-coated on a silicon wafer for 40 seconds.

The coated wafer was then heated on a hot plate for 1 minute at 200°C.

Example 22

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 7 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. A mixture of 0.06 g of 10% of
dodecylbenzene sulfonic acid triethylamine salt in PGMEA/PGME 70/30, 0.06 g
of 10% of nonafluorobutanesulfonic acid triethylamine salt in PGMEA/PGME
70/30 was added in the polymer solution. The mixture then was filtered through a
micro filter with a pore size of 0.2 um. The solution was diluted to obtain the
desired film thickness with same solvents then spin-coated on a silicon wafer for
40 seconds. The coated wafer was then heated on a hot plate for 1 minute at
200°C. The measured optical parameters are1.72 for refractive index (n) and
0.33 for absorption (k) at at 193 nm.

Example 23

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 9 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g

gamma-valerolactone to make a 1.0 wt% solution. A mixture of 0.06 g of 10% of
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9. The conposition of one of clains 1 to 8 where the hydroxyaromatic unit
I's derived from 10. The conposition of one of clains 1 to 9, where the
conposi tiwo 20e/for2e of an external crosslinker. 11. A pcoapsab@eis

manuf acturing a m croel ectroni c device, conprising;

dodecylbenzene sulfonic acid triethylamine salt in PGMEA/PGME 70/30, 0.06 g
of 10% of nonafluorobutanesulfonic acid triethylamine salt in PGMEA/PGME
70/30 was added in the polymer solution. The mixture then was filtered through a
micro filter with a pore size of 0.2 um. The solution was diluted to obtain the
desired film thickness with same solvents then spin-coated on a silicon wafer for
40 seconds. The coated wafer was then heated on a hot plate for 1 minute at
200°C. The measured optical parameters are1.76 for refractive index (n) and
0.30 for absorption (k) at at 193 nm.

Example 24

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 5 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. 0.2 g of 10% of triethylamine
in PGMEA/PGME 70/30 was added in the polymer solution. The mixture then
was filtered through a micro filter with a pore size of 0.2 um. The solution was
diluted to obtain the desired film thickness with same solvents then spin-coated
on a silicon wafer for 40 seconds. The coated wafer was then heated on a hot

plate for 1 minute at 200°C.

Example 25

0.6 g of product from Synthesis Example 11 and 1.4 g of product from Synthesis
Example 7 was dissolved in 192 g of PGMEA/PGME 70/30 solvent and 5.9 g
gamma-valerolactone to make a 1.0 wt% solution. 0.2 g of 10% of triethylamine
in PGMEA/PGME 70/30 was added in the polymer solution. The mixture then
was filtered through a micro filter with a pore size of 0.2 um. The solution was
diluted to obtain the desired film thickness with same solvents then spin-coated
on a silicon wafer for 40 seconds. The coated wafer was then heated on a hot

plate for 1 minute at 200°C.
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a)providing a substrate wwth a |l ayer of an underlayer coating conposition
fromone of clains 1 to 10; WD 2012/ 107823PCT/|1B2012/ 000213 b)

coat i ng avphoixmessst | ayer above the underl ayer coati n@cCI/iB)o12/0mgesN se
exposi ng the photoresist |ayer; d) devel opi ng the photoresist |ayer
wi th an aqueous al kal i ne devel opi ng sol uti on.

Example 26

Evaluation of Resistance to Solvents and Developer for underlayer Films made

from formulation examples 14-25.

PGMEA/PGME 70/30 solvent was dispensed individually on the coated and
baked silicon wafers from Examples 14-25. The solvent was removed by nitrogen
blowing after 60 s of dispense. No significant film losses were observed in the
solvent. Similar experiments were performed with AZ® 300 MIF developer. The
above EUV underlayer film demonstrated good resistance to developer. No

significant film losses were observed in the developer.

The films did not dissolve in the solvent or the developer showing good
crosslinking. The underlayer was also successfully crosslinked with and without
the thermal acid generator. In Examples 24 and 25, where a base was added to
the underlayer formulation, sufficient crosslinking was present despite the
presence of a base. This shows that even if base poisoning from the substrate is

present, the underlayer coating can still be functional.

Example 27

The underlayer solution of Example 20 was filtered using a 0.2um nylon syringe
filter. The sample was then coated on an 8” silicon wafer and post application
baked at 200°C/60seconds. EUV SEVR-139 photoresist (available from
SEMATECH, University of Albany, New York) was coated on top of the
underlayer. It was baked and exposed at SEMATECH using their 0.3NA
(numerical aperture) Albany Exitech micro-exposure EUV tool (eMET). After
development, the lithographic performance was evaluated with both a CD
scanning electron microscope (CDSEM) topdown measurement and cross

section pictures taken under an SEM microscope. The 30nm half pitch pattern -
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12. The process of claim11l, where the underlayer coating |ayer

has k val ue

in the range of about 0.05 to about 1.0. 13. The process of claim1l or
12, wher ewbheiumdss| ayer coating | ayer has k val ue in treTnBRg®o@bizabout
0.05 to about 0.5. 14. The process of one of clainms 11 to 13, where the
photoresist is inmageable with radiation fromabout 260 nmto about 12 nm
15. The process according to one of clains 11 to 14, where the devel oping

solution is an aqueous solution conprising a hydroxide base.

showed good photoresist pattern profiles with minimal footing and clean lines
without scumming. The EUV lithography was shown to have excellent
photosensitivity of 30 nm 1:1 L/S at 11.7mJ/cm?. The pattern also had good

collapse margin, depth of focus and process window.

Example 28

The underlayer solution of Example 22 was filtered using a 0.2um nylon syringe
filter. The sample was then coated on an 8" silicon wafer and post application
baked at 200°C/60seconds. EUV SEVR-139 photoresist was coated on top of
underlayer. It was baked and exposed at SEMATECH using their 0.3NA
(numerical aperture) Albany Excimer micro-exposure EUV tool (eMET). After
development, the lithographic performance was evaluated with both CDSEM
topdown measurements and cross section pictures taken under an SEM
microscope. The 30nm half pitch showed good photoresist pattern profiles with
minimal footing and clean lines without scumming. The EUV lithography was
shown to have excellent photosensitivity of 30 nm 1:1 L/S at 11.7mJ/cm?. The

pattern also had good collapse margin, depth of focus and process window.
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Claims

1. An underlayer coating composition comprising a polymer, where the
polymer comprises at least one hydroxyaromatic unit in the backbone of the
polymer comprising a fluoro or iodo moiety, and at least one unit comprising an

aminoplast.

2 The composition of claim 1, where the hydroxyaromatic unit has structure

(1),

where, R is selected from an iodo moiety and fluoro moiety, R, and R3 and
independently selected from an iodo moiety, a fluoro moiety, hydroxyl, (C;-
Cs)alkyl, hydroxy(C4-Cylalkyl, OC4-Caalkyl, (C=0)(C4-Cs)alkyl, C4-CjalkylO(C1-
Cs)alkyl, C4-Csalkyl(C=0)(C4-Cy)alkyl, C(O)O(C4-Cy)alkyl and R, and Rj; are

connected to form hydroxyaromatic ring fused to the phenol.

3. The composition of claim 1 or 2, where the fluoro or iodo moiety is
selected from |, F, Cy-Cufluoroalkyl, C1-C4 hydroxyfluoroalkyl, OC,-Csfluoroalkyl
C(O)C4-Cy)fluoroalkyl, and C(O)O(C1-Cs)fluoroalkyi.

4. The composition of one of claims 1 to 3, where the unit comprising an

aminoplast is derived from a glycoluril monomer or from a urea/formaldehyde

oligomer.
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5. The composition of one of claims 1 to 4, where the polymer further
comprises a phenolic unit free of a fluoro or iodo moiety, a thermal acid generator,

a polyester polymer, and/or a glycoluril polymer different from the polymer of

claim 1.

6. The composition of one of claims 1 to 5, wherein the hydroxyaromatic unit
is naphthol.

7. The composition of one of claims 1 to 6 further comprising a solvent,

and/or a secondary polymer.

8. The composition or polymer of one of claims 1 to 7 having a fluoro or iodo

content in the range of 1% to 30% by weight.

9. The composition of one of claims 1 to 8, where the hydroxyaromatié unit is

derived from
OH OH OH OH OH
OH OH OH
| E F FaC CF; FyC cFy, F F
OH
OH OH
F
F
F F !
10. The composition of one of claims 1 to 9, where the composition is free of

an external crosslinker.

11. A process for manufacturing a microelectronic device, comprising;

a) providing a substrate with a layer of an underlayer coating

composition from one of claims 1 to 10;
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b) coating a photoresist layer above the underlayer coating ;
c) imagewise exposing the photoresist layer,;

d) developing the photoresist layer with an aqueous alkaline

developing solution.

12.  The process of claim 11, where the underlayer coating layer has k value in

the range of about 0.05 to about 1.0.

13.  The process of claim 11 or 12, where the underlayer coating layer has k

value in the range of about 0.05 to about 0.5.

14.  The process of one of claims 11 to 13, where the photoresist is imageable

with radiation from about 260 nm to about 12 nm.

15. The process according to one of claims 11 to 14, where the developing

solution is an aqueous solution comprising a hydroxide base.
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